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ORDINARY MEETING. 
3 December, 1935. 


Mr. JOHN DUNCAN WATSON, President, in the Chair. 


- On the motion of the President, it was resolved :— 

“That the members of The Institution desire to record the 
deep regret with which they have learned of the death 
of The Right Honourable Earl Jellicoe of Scapa, G.C.B., 
O.M., G.C.V.0O., Admiral of the Fleet, whom they Stare 
as an, Flossers, Member in January, 1919, in recognition, 
of the great services which he had rendered to the 
Empire during the War. 

“They also desire to express their sincere sympathy with the 
members of his family in their bereavement.’ 


~The Council reported that they had recently transferred to the 
— class of 


E Members. 
e Wim Bentiey. Joun ALEXANDER Kine Hamitron, 
E pate Eric Boast, M.C. B.Se. (Edin.). 

_ James Grsson CUTHBERT. Ernest Epwarp Liz VINCENT. 

_ Basta PRocKTER FLETCHER. Grorce Wint1aM WILLIAMSON, 

_Exwest JoHN GOODACRE. O.B.E., M.C. 

And had admitted as. 
E Students. 
- Raymonp Lanerorp AKERS, Kenneta MarrHew Beer. 
~ Ronatp Wi1am ALLPorT. AnTHony Stree BEeRTLIN. 
_ Rownatp Ewart ANNETTS. PuRUSHOTTAM RAMACHANDRA BHIDE, 

_ Ricnarp Henry ARNOLD. B.E. (Bombay). 

- Deryok Watter AULT. Artur JosEPH BIsHOP, 

Reccsc Barney. Lronarp RicHARD BLACKWELL. 
pean Wiii1AM BaLpwin. WILLIAM BLAIKLOCK. 

_ Artaur LippELtt BALLANTYNE. Grorrrey Boroveu-Coritny, B.Sc. 
_ Roneer Hanoip Barnett. (Eng.) (Lond.) 

‘Tuomas Guorcr BATOHELAR, Keita Nosn Evrrst BrapFIELD, _ 
_. Epwarp Bares. B.E, (Sydney). a 
| Axaus Brunew BEaTon. ALEXANDER Bruc# BRIDGER. 
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Bertram MARSDIN BRIDGES. 

HAMILTON BRUCE. 

GrorcEe Epwarp Butioves, B. Eng. 
(Liverpool). 

Guy BULLOUGH. 

DonaLD HuBEert CAMPBELL, 

Ross CAMPBELL. 

Henry CANNELL (B.Eng.), (Liverpool). 

Rosert Wit1AM Carey, B.A., 
B.A.I. (Dublin). 

Srmwart CARMICHAEL, B.Sc. (Hdin.). 

BrrnaRD Evie CHapMan, B.Sc. Tech. 
(Manchester). 

JOHN Frtrx SALTER CHAPMAN. 

THomas HowarpD CHAPMAN. 

STANLEY CLARKE. 

REGINALD ANTHONY CoLuerT, B.A. 
(Cantab.). 

GEORGE HENRY CONNOR. 

JoHN FoTHERGILL COOKE, 
(Cantab.). 

FREDERICK JOHN ComMMIN CoRNISH. 

JosEPH WILLIAM CorTERILL. 

NorMAN CAaLLOW CREGEEN. 

CHaRLES Ronatp Murtron CrRort, 
B.A. (Cantab.). 

JOSEPH OGILVIE CRUICKSHANK. 

Net DarRocu. 

ALBERT THOMAS DAVIES. 

KennetH Derrek Dawson, 
(Manchester). 

Norman Herpert Dick, B.Sc. (Eng. ) 
(Lond.). 

ARTHUR CHARLES DICKINSON. 

Matcotm ArtHur Epmonps. 

PEREGRINE Epwarp LAUNCELOT 
Friiowes, B.Sc. (Eng.) (Zond.). 

WiLrrep LESLIE FLETCHER. 

Henry Joun Ceci Forsus. 

ERNEST REGINALD Forp. 

JAMES McLAREN FRASER. 

Lesytize Norman FRASER, 
(Liverpool). 

GEORGE WILLIAM Tiaae 
(Bristol). 

GrorGcEe WILLISON Gass. 


B.A. 


B.Sc. 


B. Eng. 


B.Se. 


JOHN Forses GLENNIE, B.Sc. (Bristol). 


Denis ForDE Gooprn. 

Lestiz Gorpon, B.Sc. (Hdin.). 
WILLIAM GREGSON. 

WILLIAM JOSEPH GREIG. 

JouN RODERICK GRIFFITHS. 
JOHN RIDLEY Gunn. 

Davip OsBorne Hatt. 


| 


ADMISSIONS. 


Eric ArnrHuR HANSEN. 

RecinaLtp Brian Harpoastue, B.Sc. 
(Eng.) (Lond.). 

Rosert FRANK HARDIE. 

ARNOLD Harris, B.Sc. (Cape Town). 

Gavin HaRrvin. 

WILFRED PuHiInip HAWKYARD. 

LESLIE CHARLES HAYS. 

Ivan GEoRGE HENNINGS. 

Joun Kray Hewirv. 

GitBeRT Brooks Hicks. 

OLIVER WALTER CHRISTOPHER GUY 
HinDiey, Jun., B.Sc. (Eng.) (Zond.). 

Cotrin Bruce Hornie. 

JoHN GRAHAM HUTCHINGS. 

Joun Bett Irvine. 

ALEXANDER REID JACK. 

Ivor Gwyn James, B.Sc. 
(Lond.). 

STanLEY EDWARD JEWKES. 

ALAN THOMAS JOHNSTON. 

Preter LEEUWENSTEYN Kart. 

HaroLD OWEN KiGHTLEY. 

Fremine LatHam Kinvia. 


(Eng. ) 


DanteEL JoHN Kuvys, B.Se. (Cape 
Town). 

Ernest Witson LatHam, B.Sc. 
(Eng.) (Lond.). 


Guy ASHFORD LAURENCE. 

Denys CHARLES ARTHUR LAVERACK. 

Rate Brian CAMERON LIDDELL. 

Tom SumMMERS LONGMAN. 

Rosert Wiii1aAmM Lowe. 

ALLISTER GRAHAM MACKENZIE. 

Epmunp CiaupE Maguire, B.Sc. 
(Durham). 

Peter Mason, B.Sc. (Eng.) (Lond. j: 

JoHN WILFRED MANDERSON. ~* 

Davip Ross MANGLEs. 

James Martin, B.Sc. (Edin.). 

WILLIAM GEORGE CAMPBELL MELVIN. 

Desmond CuirFroRD MipexEy, B.Sc. 
(South Africa). 

Tan AnastatrR DuncAN MILLAR. 

CosMORE CHARLES EpwaRD MILs. 

coe EpwarpD PENLYGEN Moon, 

A. (Cantab.).. 

erase Stmon Morris, B.Sc, (Cape 
Town). 

Eric GRAHAM MouNSEY. 

Huen Witttiam CLaRKE McDermort 
Murray. 

Herspert ALAN NAPIER. 

Grorcre ARTHUR SYDNEY Norris. 
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~ DANIEL 


~ RICHARD 
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ADMISSIONS AND ELECTIONS. 


JosEPH O’FRIEL, 
(Belfast). 

Henry Deryck PEAKE. 

Pururie Cectn Rowk PEARCE. 

REGINALD JOHN PINFIELD, 
(Eng.) (Lond.). 

Henry WILLIAM PLAYFER. 


B.Se. 


B.Se. 


- Frank Barton Poynter. 


ALEXANDER JOHN Ponp. 
Joun Hatrron PrRIcE. 
Grorrrey ALWYN PURSLOW. 
GrorGE TREVOR REECE, 
(Liverpool). 
GrorcEe WILLIAM RENNIE. 
Henry Eppineton ROBERTS. 
KENNETH JAMES ROWLAND. 
Evucene SAnvueEr, B.Sc. (Cape Town). 
RUSSELL SARGINSON 
(B.Eng.), (Liverpool). 
FREDERICK ALFRED SHERMAN. 
Ernest Haroup SIDWELL. 


B. Eng. 


_ ALAN STEPHENSON. 


Crci, LEONARD STEPHENSON. 
JoHN RosertTson STEWART, 
(Witwatersrand). : 
Witi1aM Gray NISBET STIRLING. 
JOHN GEORGE SUTHERLAND, Jun. 
ALEXANDER EMILE TERRIER. 
Wii.1aM Forrest THACKER. 


B.Sc. 
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Hengy FRANKLAND THOMPSON. 

JOHN THOMPSON. 

JOHN GIBB STRACHAN THOMSON. 

JOHN ALWYN THRALL. 

Howarp GEORGE THURSTON. 

Rosert JOHN RopoLPH TREFUSIS. 

Eric BartRAM TURVILL. 

Davip CHARLES VAUGHAN. 

EDWARD CHARLES VAUGHAN. 

Denis THOMAS VICKERS. 

PrererR TrmotHy VOWLES. 

Dayip JAMES WAITE. 

CLIFFORD EDWARD 
WALKER. 

JAMES Hay WALKER. 

Guy RaymMonp WarD. 

GrraRp FrRANcIS WAREING. 

Epaar WARHAM. 

JoHN WARNER. 

Pau St. CLarRE WEBBER. 

RICHARD SIDNEY WESSON. 

JamEs Maurice WHITAKER. 

Frank Bruce WHITE. 

Jonun EpMunpD GirFroRD WHITTOME. 

BERNARD WILKINSON. 

Lus~re GRAHAM WILLIAMS. 

StmrHEN Brian WEIR 
B.Sc. (Eng.) (Lond.). 

Howarp FREDERICK YEOMANS. 


OLDFIELD 


WILLIAMS, 


The Scrutineers reported that the following had been duly elected 


as 


Member. 
Sir FRANK Ropert Simpson, Bart. 


Associate Members. 


Aupert Minter ABerca, B.Sc. 
(McGill). 

Cyrm JoHn SNowpDEN APPLEYARD, 
B.Sc. (Leeds). 


CHRISTOPHER FRANCIS ARMSTRONG. 

Sanmucam AruMuGAM, B.Sc. (Eng.) 
(Lond.). 

Frank Stuart Atkinson, M. Eng. 
(Sheffield). 

Wiii1am ALEXANDER RonALpD BAKER 
B.Se. (Eng.) (Lond.). 

Husert Bast, BaLpwiy. 

Axec Ricuarp CuEstTERs Batt, B.Sc. 

(Manchester), Stud. Inst. C.E. 

Freperick Mark Berryman, B.Sc. 

(Eng.) (Lond.) (Stud. Inst. C.E.). 


Epmunp ArTHuR BLAND. 


PHIROZ Bomansl, B.Se. (EZdin.). 


LEonarpD FRANCIS BRETHERTON, B.A. 
(Cantab.). 

Joun Percy Bropie (Stud. Inst. 
C.E.). 

Henry Epwarp Brooks. 

Lronarp Hupson Brown, 
(Durham). 

MIcHAEL JOHANNES BURGER. 

Ceci RopERT BUTCHER. 

FRANCIS JENKINSON BUTTON. 


B.Se. 


| James Casste CALVERT. 
DonaLp FRASER CAMPBELL, 


B.Sc. 
(Glas.). 

Cyrin JosEPH CAREY. 

Manauaram BuLCHAND CHABLANI, 
B.E. (Bombay). 

SABASANA PROSAD CHAUDHURY, B, Se. 
(Manchester), B.Sc. (Calcutta). 
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RoBERT CLINE. 

Grorce CHARLES COLE. 

Hepizy Marcus Cottins (Stud. Inst. 
C.E.). 

RonaLD STANLEY COMMANDER. 

Ernest James Coox, B.Sc. (Eng.) 
(Zond.) (Stud. Inst. C.E.). 

Joun. VioToR Cook. 

CHARLES EDWARD COUSINS. 


ARCHIBALD Davip Cram, B.Sc. 
(Zdin.). 
Grorce Duncan CreErRaAR, B.Sc. 


(EZdin.). 

Lewis Wiw1am STEPHEN CROSS 
(Stud. Inst. C.E.). 

Hueu Vauauan Daviszs (Stud. Inst. 
C.E.). 

WALTER JOHN DaAvVIs. 

Henry JAMES DENNE. 

Argan Das Dutnara, B.Sc. (£din.). 

Epwarp THOMAS FREDERICK ELBURY, 
B.Sc. (Bristol). 

CHRISTOPHER ELLIs. 

ALBERT Kart Pavunt Extimer, M.Sc. 
(Witwatersrand). 

WILFRED Storm Evans. 

GrorceE ARTHUR Raymond Far- 
QuHARSON, B.A. (Oxon.). 

STanLEY Epwarp Frory. 

GEORGE FoRSTER. 

FREDERICK EpwaRD Fow ez. 

EpwarD JOHN BERESFORD GAHAN, 
B.A., B.A.I. (Dublin). 

Rap STEEN GALLAHER, B.Sc. (Eng.) 
(Zond.) (Stud. Inst. C.E.). 

WALTER WILLIAM GARNER. 

ALEXANDER GIBSON. 

Horace Crcrm Gisson, B.Sc. (Eng.) 
(Lond.). 

Wru1am Jonn ALEXANDER Gray. 

ALEXANDER Eppiz Guinp, B.Sc. 
(Aberdeen) (Stud. Inst. C.E.). 

GrorcE WILLIAM Hacats (Stud. Inst. 
C.E.). 

Wr11am Eric Hatcu (Stud. Inst. 
C.E.). 

ALEXANDER Hatntnc, B.Sc. (Eng.) 
(Lond.). 

Prroy Hatt, B.Sc. (Eng.) (Lond.). 

ARTHUR JAMES Harsy, B.A. (Cantab.). 

CHaRLes ALFRED Perrctvat Hart, 
B.Sc. (Eng.) (Lond.). 

Pare HEELEyY. 

CHRISTOPHER Bast, Hume HENDER- 
son, B.Sc. (Glas.). 


ELECTIONS. 


Grorce Branson HETHERINGTON, 
B.E. (Sydney). 

Curistian Henry Hewison (Stud. 
Inst. C.E.). 

SrantEy Watters Hicxrn (Stud. 
Inst. C.E.). 

Raymonp Huituier, B.Sc. (Eng.) 
_(Lond.) (Stud. Inst. C.E.). 

ALEXANDER WorTHERSPOON Hoae, 
B.Sc. (Glas.). 

ArtHuR Hosrason, B.Sc. (Eng.) 
(Lond.). 


Aan ALBERT Hupson. 

ALFRED BLANCHARD HUNTLEY. 

Martin Martins Hoge Inetis (Stud. 
Inst. C.E.). 

James Russett IncRam (Stud. Inst. 
C.E.). 

Lronarp JACKSON, B. Eng. (Sheffield). 

Rosert Jackson, B.Sc. (Manchester). 

Wit1amM HERBERT JAMES, B.Sc. 
(Eng.) (Lond.). 

Joun Ivor Joun, B.Sc. (Wales). 

Wi11aM Jounson (Stud. Inst. C.E.). 

BrengamMIn THOMAS JONES, B.Sc. 
(Wales). 

Jat Rustomsi Kanes, B.E. (Bombay). 

ANDREW MILLER Ker, Jun. 


NUGGEHALLI NARASIMHAIENGAR KE- 


savA Murti, B.E. (Mysore). 
HERBERT CONSTANT KErLey, B.Sc. 
(Eng.) (Lond.). 


Gorpon Victor K1sBLEwHite, B.Se. 


(Eng.) (Lond.). 

JamMEs Watson KirnKWwoop. 

Prroy Lynpon Larne, B.E. (New 
Zealand) (Stud. Inst. C.E.). 

Norman Lamonp. 

Joun McLzan Lister. 

Joun Samuret Lone, B.A., B.A.I. 
(Dublin). 

WILLIAM FREDERICK LONGFIELD. 

Stpnry Wetiestey Lynn (Stud. 
Inst. C.E.). 

Ronatp HueH Maocrytosx, B.Sc. 
(Eng.) (Zond.) (Stud. Inst. C.E.). 

JoHN TouMie MACKENZIE. 


ALLAN Heartiey Pari McLaven- © 


LAN, 

Davip Mackey MacLaveuuin, B.A., 
B.A.I. (Dublin). . 

CuarLtes Norman MacDonatp Mao- 
Lzop, B.E. (National). 

Peter Mantroup, B. Eng. (Liver- 
pool). 
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 Rearnatp JoHN Ringway, 


 Wiru1am Epwarp Roz.o, 


GuraLtp Mann, B.Sc. (Eng.) (Lond.) 
(Stud. Inst. C.E.). 

Grorcr Henry MarspEn. 

Joun Henry Marsn, B.Sc. (Eng.) 
(Lond.). 

RALPH MARSHALL. 

Norman ALAsTAtTR MATHESON. 


Grorck Epwarp Merapz, M.A. 
(Cantab.). 

- Pair Jon METCALF. 
KesaRINATH JANARDAN MABHaATRE, 


B.A. (Cantab.). 

Forsrs MarsHatt MILNE. 

Samvuet Davison MITCHELL. 

Joun James Morriss, B.A. (Cantab.). 

Ratrex MovuntsterHens (Stud. Inst. 
C.E.). 

Harouip NEwrTon. 

THomas HENRY 
(National). 

Cuartes Lesiie Oup, B.Sc. (Eng.) 
(Lond.). 

Lestiz JoHN Kerra OLNEY. 

Norman Parkinson, B.Sc. (Eng.). 
(Lond.) (Stud. Inst. C.E.). 

Epwarp WaRrREN Parr, B.E. (New 
Zealand), Stud. Inst, C.E. 

Lewis THOMAS PROTHERO. 

Outver Stantey Morrarr Raw, 
B.Sc. (Eng.) (Lond.). 


Nouan, B.E. 


B.Sc. 
(Eng.) (Lond.). 
Duncan ROBERTSON. 


James ALFRED STIRLING ROLFE. 
B.Sc. 


(St. Andrews). 


_ Eric Jamus Roy, B.Sc. (Aberdeen). 


Ricuarp Bast Sarcent (Stud. Inst. 
C.E.). 


Ropert Saunpers, B.Sc. (Hdin.) 
(Stud. Inst. C.E.). 

Bengamin Cyrm  ScHOLEFIELD, 
B.Sc. (Leeds). 


THOMAS WAREING SHAW, B.Sc.(Lond.). 
James Sim, Jr. 


4 _ James Aston SKINNER, B.Se. (Eng.) 


(Lond.) (Stud. Inst. C.E.). 


Jamus Burcess HENDERSON SKINNER, 


B.Sc. (St. Andrews). 


E - Pari CLaupE SM4RtT. 
 ALrxanpEr Smits (Stud. Inst. C.E.). 


Associates. 


ELECTIONS. 


‘James CAMERON 
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Prroy Aquina VINCENT Situ, B.Sc. 
(Eng.) (Lond.) (Stud. Inst. C.E.). 

PHInip PATERSON SOUTTER. 

Ernest Ronatp STABLES, 
(Eng.) (Lond.). 

WILLIAM LAWRENCE STALLWORTHY, 
B.A. (Cantab.). 

JOHN Henry TWEEDIE STILGOE. 

Roserrt Lyte STIRLine. 

JoHN WILLIAM SuTTON. 

Jack Mmapows Taytor, B.Sc. (Eng.) 
(Lond.). 

James Incram Taytor, B.Sc. (Aber- 
deen). 

Paimipe Patrick TAyLor. 

LronaRp CamERON THOMAS, B.Sc. 
(Birmingham). 

JAMES CRAWFORD THompson, B.Sc. 
(Belfast) (Stud. Inst. C.E.), 

Bett THOMSON, 


B.Se. 


B.Sc. (Hdin.). 
ALEXANDER Dovucias TopD. 
HERBERT GEORGE TUCKER. 
GurunatH DaTTATRAYA 

B.E. (Bombay). 

Kerra Luoyp Hammton WaDLEY, 

B.A. (Canitab.). 


VAIDYA, 


Epwarp Corin Waker, B.A. 
(Cantab.). 
Ernest Victor WatsHE, M.Sc. 
(Belfast). 


Cuirrorp Roper WarMAN, B.Sc. 
(Eng.) (Lond.) (Stud. Inst. C.E.). 

Hues Meyer WATSON. 

Wom Henry WEBB, 
(Cantab.). 

Joun McLaren WEBSTER. 

CuarLEs MintwarpD WHEELER, B.E. 
(New Zealand). 

Witrrep Atan Cooper Wuitz, B.Sc. 
(Eng.) (Lond.). 

EVERARD CLARENCE WIJEYESEKERA, 
B.Sc. (Eng.) (Lond.). 

ARNOLD CARRINGTON WILDSMITH. 

AnpREWw Lovis Wuson, B.Sc. 
(Belfast). 

Roxpert KINNEAR Woop. 

Atrrep Joun Wynne (Stud. Inst. 
C.E.). 

Wr1am YounNG. 

Wu114m Youn, B.Sc. (Glas.). 


B.A. 


Henry Erskine Seymour Bryant 
Irvine, B.A. (Oxon.). 


354. MOSS ON THE ENERGY-OUTPUT OF THE COAL-MINER. 


The following Paper was submitted for discussion, and, on the 
motion of the President, the thanks of The Institution were accorded 
to the Author. 


Paper No. 5031. 
“The Energy-Output of the Coal-Miner.” 


By Proressor KenneTH NEvILLE Moss, O.B.E., M. Sc., 
Assoc. M. Inst. C.E. 
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ENGINEERS have often to take responsibility for large undertakings 
which depend to a great extent on manual labour, and if the men 
are of poor physique, the estimated costs may be affected seriously 
and the quality of the work may suffer. It is frequently not realized 
that this may not always be the fault of the men, but may often 
be due to an inadequate supply of food ; sufficient food alone makes 
possible a sustained output of hard manual work. The result of the 
Author’s researches in connection with the energy-output and the 


; 


| 


food-requirements of the coal-miner will, it is hoped, be of interest — 


to members of this Institution, because the results, in principle, are 
of general application. Some years ago the Author determined the 
calorific value of the food actually consumed by sixty coal-miners for 
periods of from 7 to 10 days, the results being summarized In 
Table I. 

The most interesting feature of the data thus obtained is that 
the food-consumption varies with the temperature of the working- 
places. The higher the air-temperature below ground the more 
food appears to be required. The reason for this-is not wholly 
understood, but one aspect of the problem will be discussed later. 
It will be seen that a coal-miner needs a good deal of food, much 
more in fact than is allowed by some dietitians with no practical 
knowledge of mining. 

Lhe Relation of Energy-Output to Food-Requirements. —Having 
determined the energy put into the body by the food, it is of 
interest to determine the energy-output to see whether there is 
a real basis for the relatively high food-consumption. It is not 
possible to determine the energy-output over a 24-hour period, but 
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TABLE I. 
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Pendleton | 6/10 | 99 | May | 172 | 62-7 | 1-75 | 5925 | 3386 | 82 | 11-9 
Pendlebury} 6|10 | 88] July | 168 | 60-4 | 1-68 | 5114 | 3044 | 82 | 9-2 
Hamstead | 10} 9-1} 79 | June— | 170 | 70-0 | 1-81 | 4644 | 2566 | 80 | 8-5 

Sept. 
Forest of |12] 7-2] 68 | Dec.— | 169 | 63-1] 1-72 | 4293 | 2494 | 55 | 3-6 
Dean Jan. 
Derbyshire 8 |10 | 66 | March | 169 | 59-9 | 1-69 | 4211 | 2491 [100 | 4-4 
Yorkshire | 8| 7-6) 59 | Feb.— | 169 | 65-0] 1-75 | 4472 | 2555 | 90 | 4-6 
July 
SouthWales| 10] 7-9} 55 | Dec.— | 170 | 65-3 | 1-76 | 4320 | 2454 | 88 | 3-7 
Jan. 

Mean figures for the whole | 1-74 | 4711 | 2713 | — | 6-55 


if it can be determined during working-hours, the energy-output 
for the remaining portion of the 24 hours may be estimated with a _ 
fair degree of accuracy. Before describing the experimental method 
used to determine the energy-output during work, it is necessary 
to deal very briefly with the physiology of the subject. 

The production of heat inside the body is due to the metabolism 
of the food which has been digested. The metabolic processes may 
be likened thermo-dynamically to the burning of fuel in a locomotive ; 
the greater the work done, the greater is the amount of food required 
and the larger is the volume of oxygen needed for its combustion. 
It is a well-known physiological law that the energy expended 
during work exactly equals the energy set free by metabolism. 


- Thus, if the volume of oxygen taken in by the body can be deter- 


mined accurately, the heat produced can be calculated to a fair 
degree of accuracy on the assumption that the oxidation of food 
inside the body produces 5 kilogram-calories for every litre of oxygen 
consumed. Again, 1 Calorie is equivalent to 3,086 foot-pounds of 
energy. The energy generated in the body is nearly all transformed 
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into heat, which is mainly dissipated at its surface; during severe 
muscular work the heat produced may be ten times that produced 
while the body is at rest. 

The experimental method employed to determine the energy-output 
of a man consists in making him breathe air through a rubber mouth- 
piece and a corrugated rubber tube, which has a meter and a two- 
way tap in the circuit. Ifthe temperature, humidity and pressure of 
the intake air be determined, the volume breathed, as shown by the 
meter over a given interval of time, can now be calculated on a dry 
basis at normal temperature and pressure. If, in addition, 
samples are taken of the inspiratory and expiratory air, their analyses 


show all the data necessary for determining the oxygen intake by the ~ 


body. The apparatus used is shown in Fig. 1. A 6-foot length of 
corrugated rubber tubing is attached to the meter, which records the 
volume of air breathed to the nearest hundredth part of a litre, and 
this in turn is attached to a mouth-piece with inspiratory and expira- 
tory valves. On the expiratory side of the mouth-piece is attached 
another 6-foot length of corrugated rubber tubing, which has at its 
end a special connection with a two-way cock. When it is desired 
to take a sample of the expiratory air, a “ Douglas ” bag of 100 litres 
capacity is attached to the two-way cock, and the expired air passes 
out to the atmosphere until the sample is about to be taken, when 
the tap is turned to allow it to pass into the bag. The expired air is 
allowed to flow into the “ Douglas” bag for 1, 2, or 3 minutes, 
according to the rate at which it fills, and then, the contents having 
been well mixed, a sample is driven through a large sampling tube 
by exerting pressure on the walls of the bag. A nose-clip is placed 
on the man to force him to breathe entirely through the mouth. 
In all the Author’s investigations only men who were in training 
as members of rescue-teams were employed, because, being accus- 
tomed to wearing breathing apparatus, they were in no way distressed 
by this artificial restriction of their freedom of breathing. 

The data obtained whilst experimenting upon an individual 
man were set out in the manner shown in Table II. 

It will be seen that it is now possible, when the results of the air 
analyses are known, to determine the oxygen-intake in litres during a 
reasonable portion (as determined by the sampling time) of the time 
spent on each specific part of a miner’s work. 

In order to estimate the approximate work-output, each man on 
whom experiments were performedin the mine came tothe University 
to enable additional data to be procured. On this occasion his height 
and weight when stripped were obtained. He was then made to 


pedal a cycle-ergometer and his oxygen-intake for four or five 


different work-outputs was determined. Usually a straight-line 


a 


- 


Fig. 1. 


APPARATUS FOR THE DETERMINATION OF THE ENERGY-OUTPUT 
OF A COAL-MINER. 


d 
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TaBe II. 

Time. Occupation. Remarks. 

7.30 Entered working place. The 
man was connected to air 
meter. Barometer 31-45 
inches. Dry bulb temperature 
74°F. Wet bulb temperature 

: 65° F. 

7.32 | Commenced to cut coal. Inspired air sample No. 1 taken. 

7.40 | Cutting coal. Expiratory air sample No. 1 taken 
over a 3-minute period. 

7.50 $5 59 Expiratory air sample No. 2 taken 


over a 3-minute period. 
7.55 | Commenced loading coal into wagon. 


Loading coal. Expiratory air sample No. 3 taken 
over a 2-minute period. 
=p op Expiratory air sample No. 4 taken 
over a 2-minute period. 
Commenced to cut timber with an 
axe. . 
Cutting timber. Expiratory air sample No. 5 taken 
over a 3-minute period. 
55 5 Inspired air sample No. 2 taken. 
Commenced to erect timber props to 
support roof. 
Erecting timber. Expiratory air sample No. 6 taken 
over a 2-minute period. 


Commenced to rest. 


Resting. Expiratory air sample No. 7 taken 
over a 3-minute period. 

Commenced to cut coal. Barometer and temperature same 
as recorded above. 

Etc. Ete. 


graph was obtained, and from it the work-output in the pit could be 
estimated roughly by reading from the graph the work-output in 
foot-pounds per minute corresponding to the oxygen-intake during 
pit-work. 

It has always been assumed that the mechanical efficiency of a 
miner’s work is in the region of 25 per cent., but recent experiments 
which have been carried out by the Author have shown this to be 
a fallacy. If a miner always worked in an erect position then the 
assumption of 25 per cent. efficiency would be approximately 
correct, but a miner does most of his work in a stooping position, 
In the light of data recently obtained it appears that a miner’s 
actual work-output, even under the most favourable conditions, 


is only about 15 per cent. of his total expenditure of energy. 
oe 
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Actual work done by a miner has, however, no significance in relation 
to his food-requirements. Finally, the results for each man were 
summarized in the manner shown in Table III. 

In this manner the data for twelve different men were obtained. 
When the results were summarized and averaged, it was found 
that the time spent in the working place during the shift was 
326 minutes excluding meal-time, and the consumption of oxygen 
during this period was at the rate of 1,333 cubic centimetres per 
minute, which, after deducting the average oxygen basal resting 
rate,1 was equivalent to 16,950 foot-pounds per minute. This energy- 
output is equivalent to walking in an erect position at 3-7 miles 
per hour on the level. The work-output can be estimated roughly — 
on the assumption of a body mechanical efficiency of 15 per cent., 
and is 2,542 foot-pounds per minute, or about 828,700 foot-pounds 
during the time spent in the stall, which was approximately 53 hours. 

A rough estimate of the total energy-output for a whole day 
may now be obtained, since an intake of 1,333 cubic centimetres 
of oxygen per minute is equal, on the basis of 5 kilogram-calories 
per litre, to 6-66 ‘Calories per minute. The daily energy-output is 
therefore calculated in the manner shown in Table IV. 


TABLE IV.—AVERAGE Datty Output or MINERS. 
ee i a ee eS SS ee 


Calorie basis 


, Time { ohted 
Occupation. oor Toe Calories. 
Work in pit, allowing 30 minutes for 
MMGMIADEN Greet cLili Losi teas be): 400 74 2,800 
Walking to and from pit (above ground) 
at 3 miles per hour WD - feats i501 3s 300 1 300 
Leisure hours = Basal rate + 60 per 
cent. = (39:7 x 1-78) + 60 per cent. 113 ig 850 
Sleeping hours = Basal rate — 5 per 
cent. = 70-6 — 5 percent. . . - 67 8 540 
Potal., > 24 4,490 


a nnn EEE 


The output of energy at the coal-face was found to be at the rate 

of 6-66 Calories per minute for 54 hours. Theshift belowground was, 
however, 74 hours, the balance of time being occupied in walking 
between the pit bottom and the coal-face, and vice versa, and in 
the meal-time, for which 30 minutes was allowed. The energy- 


1 Basal rate is 0-132 litres per minute per square metre of body-surface. 
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output whilst walking can be regarded as of the same order as for 
the working period, and hence, ignoring the 30 minutes allowed for 
the meal-time, the energy-output below ground can be estimated 
at 400 Calories per hour for 7 hours. 

The intake of oxygen during sleep in bed is usually taken as from 
10 to 15 per cent. below the basal rate, but as miners usually eat a 
large meal immediately before retiring for the night, the figure of 
basal-rate less 5 per cent. has been adopted. 

Since the energy-output of a miner is approximately 4,500 Calories 
per day, it is clear that the calorific value of his food-input must 
be in excess of this to allow for waste. Hence, from 4,750 to 5,000 
Calories per day are needed in the form of food. Should the calorific 
value of the miner’s food be seriously reduced, it is clear that his 
work-output will fall equally seriously. 

The Effect of Working in a Constrained Position.—Experiments 
were carried out in the University by the Author, in order to determine 
the effect on the energy-output of a collier when walking in a con- 
strained position along low roadways at 34 miles per hour. The 
positions chosen were :— 

(1) The erect position. ; 
(2) The half-stoop, corresponding to a loss of body height of 
20 per cent. 


(3) The full stoop, corresponding to a loss of height of 40 per 


cent. 
(4) The all-fours position, equal to a loss of height of 50 per cent. 


It was found, taking the average for eight men, that the percentage 
increases in the energy-output for the stooping positions over the 
normal walking position were :— 

Half-stoop = 20-6 per cent. Maximum 29-5 per cent. Minimum 
10-2 per cent. 

Full stoop = 65-1 per cent. Maximum 96-0 per cent. Minimum 
49-0 per cent. 

All fours = 72-8 per cent. Maximum 90-4 per cent. Minimum 
60-0 per cent. 


This shows very clearly the disadvantage of low roadways under- 
ground and the great falling off in the mechanical efficiency of the 
body when working in a constrained position. 


Before passing to an entirely different aspect of the subject, it is _ 


necessary to point out that data collected in the form of Table II 
will give reliable information concerning the time spent upon 
useful productive work and the time occupied in resting. In 
a recent time-study of one hundred coal-face workers, the Author 
has shown that the average resting time during the shift was 25-2. 


LOMB, 
WYER 
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per cent., and since 6-9 per cent. was occupied in eating, only 67-9 
per cent. of the working-shift was available for actual work. 

The Effect of Working in High Air-Temperatures—At an earlier 
stage of this Paper reference is made to the increase in the con- 
sumption of food when men have to work under conditions of high 
air-temperature. It is necessary to discuss one very important aspect 
of this fact. 

A man who is doing hard manual work generates a good deal of 
heat, and his body-temperature will rise if this is not dissipated. 
Generally speaking, normal body-temperature is maintained by a 
constant balancing of the production of heat in the body against the 
loss of heat from its surface and from the respiratory tract. During 
hard work, the normal process of losing heat by radiation and con- 

vection is totally inadequate, and therefore the body makes use of the 
- latent heat of evaporation of water, which is produced by sweating, 
in order to absorb the bulk of the heat generated. Thus the evapora- 
__ tion of sweat from the surface of the skin is mainly responsible for 
keeping the temperature, of the body normal during hard work in a 
- warm atmosphere. The amount of sweat lost by the body during 
work may be very considerable, as will be seen from Table V, which 
summarizes the results of the Author’s investigations carried out some 
years ago at a colliery in Lancashire. 


TaBLe Y. 
Number Average loss 
of Maximum | Minimum | by sweating 
f Name of Underground Case | experi- loss loss during 
(mm Colliery. temperature. | ~ No. ments | per shift: per shift : a shift : 
ae oneach} pounds. pounds. pounds 
al case. per hour. 
Se hasan 2 i = = 
ae Pendleton . | 98-100° F. 1 2 18-56 15:25 3:175 
= - dry, 85° F. : . 
. of 2 2 18-75 18-00 3:145 
ig a 3 2 16-12 15-44 2-695 
= 4 2 17-12 11:81 2-670 
a 5 2 13-68 12-75 2-475 
6 2 12-44 12-12 2-280 
Vi 2 12-68 10-81 2-205 
8 2 12-12 11:31 2-185 
9 2 12-94 10-44 2-168 
10 2 13-75 9-68 2-160 
11 2 13-25 11-62 2-135 
12 2 10-56 10-12 1-930 
13 2 9-37 9-31 1-760 


362 MOSS ON THE ENERGY-OUTPUT OF THE COAL-MINER. 


It will be seen that the maximum loss by sweating was 18-75 
pounds during one shift. Ifa miner at work in a pit does work which 
produces, by metabolism, a heat output of 2,800 kilogram-calories, 
including the energy spent in walking from and to the pit bottom, 
then the evaporation of water from the skin and respiratory tract 
2,800 


that is necessary to neutralize this heat production will be . 


equal to 5-8 litres or 10-6 pounds. 

Some miners lose much more sweat than is necessary because the 
sweat glands release it so quickly that it trickles down the body 
and does not evaporate completely. 

In order that men working in high air-temperatures can sweat at a 
rate high enough to neutralize the heat production within the body, 
it is necessary that they should drink sufficient water or other liquid 
during the day. When the air is cold, the loss of heat by conduc- 
tion and radiation will be greater, and therefore there will be less 
evaporation from the skin. 

Since the normal body-temperature is about 98-6° F., it follows 
that no heat-loss by evaporation can take place if the wet-bulb 
temperature of the air reaches this figure. A man attempting to 
work under such conditions would very quickly get a heat-stroke. 
Thus, in order that a man may be able to work satisfactorily, the - 
wet-bulb temperature of the air must be kept well below that of the 
body-temperature, preferably not higher than about 85° F., and the 
air must be kept in motion in order to prevent heat stagnation in 
the air and/or clothing surrounding him. Acclimatization plays a 
very important part in enabling a man to work comfortably in | 
high air-temperatures. Ifa man unaccustomed to high temperatures 
were made to work hard in an air-temperature of 100° F. he would 
certainly run a grave risk of getting a heat-stroke. Miners, however, 
can carry on for years without any detriment to their health, 
provided that, when they first begin work in a hot pit, they take 
a month or more to get acclimatized to the abnormally high air- 
temperature conditions. : 

The necessity for men who work in hot places to drink much liquid 
will be appreciated. If, however, the temperature is high and the air 
contains a good deal of dust, the miner’s throat is liable to get 
dry and he is therefore tempted to drink much more water than is 
necessary in order to allay the parched feeling in the throat. Apart, | 
however, from this cause of excessive drinking, some men drink too 
much and thus render themselves liable to heat-cramps. It is 
within the experience of all that a long cycle-ride or a hard set of 
tennis induces thirst on a hot day. This is because the body plasma 
contains about 0-6 per cent. of chlorides, whereas the sweat exuded 


—" 
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from the glands contains from 0-2 to 0-4 per cent. Thus, if a man 
loses weight by sweating, the salt concentration of his blood will 
become abnormal and nature gives him a thirst to warn him of the 
fact; he then drinks and in a short time the salt concentration 
returns to normal. If, however, a man drinks much more water 
than he needs, he will experience symptoms due to a subnormal 
salt content of his blood, or, in other words, he will suffer the effects of 
_ water-poisoning. 
-_—-When the salt concentration of the blood is sub-normal, fatigue 
and possibly muscular cramps are experienced. It was found that 
cramp affected those muscles which were under severe strain at the 
time. The truth of this reasoning was proved by the fact that the 
urine of a miner who was liable to attacks of cramp showed no trace 
of sodium chloride after working for a shift. It was evident that 
his blood was seriously depleted of salt for such a physiological 
abnormality to occur, and the obvious thing to do was to make 
_ him drink salt water. He, and others who were similarly affected, 
did this, with the result that not only were they cured of cramp, 
but their lives at home were changed from a state of acute fatigue 
and inertia to one of brightness and activity. There are some men 
who, owing to physical disability, cannot conserve their salt supply 
and for whom the drinking of salt water would be beneficial. The 
amount of salt to be added to the drinking-water depends upon 
the severity of the work to be done, but from 5 to 10 grams per 
gallon of water will generally be found to be sufficient. 

Thus it is clear that a simple everyday commodity, in the form of 

~ eommon salt, can be the means of maintaining an increased rate of 
~_work-output under trying conditions of climate. 
_ It has been found quite a common practice for men working in hot 
places to consume more salted food than is otherwise usual. This 
need for salt is one of the causes for the higher food consumption 
of miners working in hot and deep collieries. This partly answers 
the question raised earlier in this Paper as to the need for more 
food when working in hot places. 


o. The Paper is accompanied by one photograph, from which the 
 half-tone page-plate in the text has been prepared, 


The Author. 
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Discussion. 


The AuTHoR amplified his Paper by showing several lantern-slides. 
The following was a typical analysis of the inspiratory and expirato 
air during work :— 


J 


Normal inspired air. Expired air during z | 


0; i. despa eee SNS 16-6 
Nes scion coh waite 79:17 
CO tee rae tener meas 4-23 


Table VI gave the results of tests on the oxygen- -consumpti on 
and work-output for various occupations at the coal-face. é 
Author pointed out that the oxygen-consumption during re; ti 
periods was higher than for normal prolonged resting, because the; 
periods of rest were too short to allow the oxygen-consumption to: 
settle down to a constant value and for the respiratory quotient to 
become steady. In effect, when a man ceased work, an oxygen 
debt remained, the elimination of which necessitated the breathing 
of additional oxygen during rest for a short period of time. 

The rest-periods taken by the miners experimented upon varied: 
from 9 to 43 per cent. of the working shift, the average being 27 per! 
cent. It might be considered that that excessive resting-time might; 
be due to the fact that the men were breathing air through tub: 
and a meter. Recently, however, with the assistance of one of hi 5 
students, he conducted a time-study upon a hundred ae | 
working normally and not knowing that they were under observation. 
He found that for them the rest-periods varied from 4-6 to 47-4 pel 
cent. of the working shift, with an average of 25:2 per cent. Tho: 
frequent but short rest-periods taken by miners indicated the severity 
of their work. It made a big demand on oxygen-consumption 
and tended to strain the breathing mechanism to a point which 
necessitated a momentary stoppage of work in order to supply the 
oxygen-need. 


If the wages of a rianual worker fell too low one of two ona was 8 
bound to happen ; either the man would have to do with less food, 
and in consequence his work-output would be reduced, or he would 
maintain his dietary standard and work-output at the expense of 
his family. Further, a low dietary standard would cause absenteeism 
on account of illness due to malnutrition and would increase the 
liability to fatigue during work, thereby making the man more liable 
to fall a victim to accident. | 
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He wished to make it quite clear that the energy-output for the 
same work done was greater in proportion to the degree of stoopings 
during work. The thermal efficiency of work might fall to abo it 
3 per cent. if a man loaded a wagon or tub in a tunnel 3 feet high 
He had previously had no idea how low the thermal efficiency 0 
work became under such conditions. It had been stated that 
miner ought not to require more than about 3,100 calories of food: 
per day, but he disagreed entirely with that figure, which had beens 
adopted by a research committee of the Medical Research Coune 
dealing with the nutrition of miners and their families. They hai 
based their calculation upon data obtained in South Africa 
Drs. Orenstein and Ireland from tests carried out upon a nat: 
hammer-boy, who sat down with a hammer-dynamometer betwee 
his legs and hammered at the top of a drill. They had assumed thati 
the energy-output thus measured was equal to that of a Rand mine 
and therefore also to that of a coal-miner in Great Britain. He felt; 
sure that those present who had first-hand knowledge of mining in 
Britain and on the Rand would agree with him that Rand miners 
did not work as hard as British coal-miners. 

Dr. Orenstein himself, despite his determination of energy output, 
had been partly responsible for the Government of South Afri 
adopting a ration of 4,385 calories for native workers, which w: 
not only adhered to but in some instances exceeded. That - 
itself proved the absurdity of the recommendation of the Medic 
Research Council. 7 

Mr. JaMEs WHITEHOUSE remarked that he would like to con- 
gratulate the Author on the way in which he had dealt with his 
subject. It was one to which no engineer could be indifferen 
because all engineers depended upon labour for their results, and t 
well-being of that labour must be their first consideration. 

The Author had shown the scale of diet laid down for the nativ 
on the Rand, where more than 200,000 natives were fed on a co 
trolied diet laid down by the Government; that diet had quite 
high calorie-value, and was well balanced. He himself had 1 
doubt that, as the Author had said, the miner did require more fo 
than the ordinary worker, because of the variety of effort which 
had to make ; he had to work under very fatiguing conditions whi 
were bound to lead to considerable exhaustion. In such cases 
that_of the Rand gold-mining industry, it was easy to provi 
the diet laid down; in fact, it could be shown that a surplus w 
provided on the Rand, because the farmers in the district prospe 
by buying the excess food from the compounds, so that there was 
doubt that the natives actually received more calories than wer 
required for their work. In Great Britain, however, the probler 
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{3 
seemed to be very different. The miner’s input of energy depended mr. 
on many things, such as the efficiency of his housewife, the number Whitehouse. 
of children in his family, and the number of drinks which he had on 
‘his way home, so that it was difficult for the employer to play any 
great part in determining that input. It could be measured only, 

he thought, by the wages, which compared very favourably with 
those of other workers ; the difficulty seemed to lie principally in the 
irregularity of employment. It was not very much use paying a man 
-a good wage for three days a week if for the other three days he was 
unemployed. It was in that direction, perhaps as a result of 
amalgamations which were taking place, that some improvement 
could be looked for. 
_ With regard to heat-stroke, of which he had come across a number 
f cases, it was most important that newcomers should not be put to 
york in a hot place, as every death from heat-stroke that he had 
known of happened to a native who was working his first shift, and 
was therefore essential to acclimatize them. They were drafted 
tstly into the cool parts of the mine, and were gradually brought 
lown to the deeper and hotter workings. At the depth of over 
8,000 feet, to which the Rand mines were now worked, the rock- 
‘temperature was well over 100°F., and it was very difficult to 
“Maintain a difference of more than about 15 degrees between the 
-rock-temperature and the air-temperature. In the deeper workings, 
therefore, it was not easy to maintain temperatures below 85° F., 
which was that given by the Author as the maximum permissible ; 
he himself knew from experience that that was about the critical 

igure. 
' Sir Henry Japp said that, while the Paper considered the miner gir Henry 
“more as a machine than as a man, he was sure that the Author had PP. 
he greatest sympathy for the miners with regard to the conditions 
ander which they had to work. According to Table I, the miner 
seemed to be of an average height of 5 feet 7 inches and an average 
weight of only 10 stone, and he received an average pay of something 
like 7s. per shift, but he did not work six shifts a week, unfortunately. 
‘he coal-miners’ condition, however, was very different from that 

of the miners who were employed in tunnelling in London, big, 
“st ong fellows who received twice the pay of the coal-miner. 
During the miners’ strike in 1921, he had the pleasure of an 
nterview with the miners’ leader, Mr. Robert Smillie, who told 
im that the men were not so much upset about the low pay which 
they received as about the pit-head conditions which they had to 
‘endure. They wished to have at every pit-head what the miners in 
~ Germany had had for several years, namely, proper washing facilities 
and showers, with individual lockers, steam-heated and air-ventilated, 


Sir Henry 
Japp. 


fi 
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so that they could take off their dirty mining clothes and h 
them there to dry ready for the next day, and go home in fairly aly 
conditions. He believed that the conditions had been great. 
improved since 1921, but there was still room for improvement’ 
The reason for the present conditions was said to be that the co 
industry as a whole was not prosperous, and that the price obtained 
the pit-head was only 13s. 2d. per ton, while the cost of mining and 
getting the coal to the surface was 13s. 1d. per ton. That left, seem: 
ingly, only 1d. per ton for the coalowners to pay for royalties, offi 
charges and profit. Householders and manufacturers, however, wer¢ 
unable to buy coal at anything like that price, and it would be interest: 
ing to know what made up the difference ; but that cheap rate per tor 
determined the miners’ wages. It should surely be possible t 
increase the price sufficiently to allow the miners to be paid a decen 
wage and at the same time to give the mine-owners a fair profit. 
The effect on exports could be countered, as was done in America. 
by giving a “‘ draw-back ” or rebate of the extra price on all exports 
and on any materials into the cost of which coal entered largely. T. 
effect of modern savings in the use of coal for making electricity, gas 
and steel had been such that to-day those industries consumed 3! 
million tons of coal less per annum than they did in 1910, though 
they obtained bigger outputs. That added to the difficulty o! 
keeping the coal-miners fully employed. ; 
It was interesting to read in the Paper that the loss by sweat 
of a miner during a shift might amount to as much as 18 pounds 
and the method of counteracting the reduction, of the salt-content 
the blood by giving the men as much as 5 to 10 grams of salt pet 
gallon of drinking water would be most valuable. At a meeting ot 
the Institution Committee upon Regulations for Compressed Ai 
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temperature in a tunnel were allowed to exceed 80° F., ther 
the men would show great loss of energy. A man unaccustomed 
to working in an air temperature of 100° F. would be likely 
to get a heat-stroke. As a case in point, he remembered 
that when his firm were constructing the East River tunnels 
New York a coloured gang came out of one of the tunnels one hot 
day and told him that the conditions were so dreadful that it was- 
impossible to work there any longer. No superintendent was near 
so he himself went down alone into the tunnel to investigate the 
matter. As he walked along the tunnel he noticed that a con- 

siderable stream of water was pouring out of the two 8-inch air-inlet 
pipes; the humidity and temperature were almost unbearable 

but he managed to walk to the face and found that the humidity 
there was practically 100 and the temperature 102°F. He got 
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back to the top as quickly as possible and made an investigation ; sir Henry 
he found that the day before the tunnel had had a blow, and some*??- 
sand and mud had been blown around the suction of the centrifugal 
pump which supplied the after-coolers, so that the air-supply of 
nearly 10,000 cubic feet per minute was being pumped into that 
tunnel without any after-cooling. He gave orders for the after- 
Coolers to be taken out one at a time and the small tubes cleared of 
mud, so that they would act once more, but he had only just done so 
when he collapsed and his face and body turned to the colour of a 
beetroot. After the doctor had worked over him for about 44 hours 
with ice-packs on his head, and with an attendant cooling his body, 
he told him, “ You must never again suffer that condition,” and he 
had taken good care not to do so. 
In conclusion, he would like to offer his congratulations and 
hanks to the Author, whose Paper would be very useful to engineers 
d contractors who had to carry out tunnel work where the 
mperatures were sometimes high, and would help all employers to 
ake better care of their workmen, without whom nothing could bedone. 
Mr. C. T. A. Hanssen remarked that the Paper gave an account Mr. Hanssen. 
f the type of work done by a miner, and it was amazing to find that 
instead of using the man as an engine-driver to direct mechanical 
ower he was used as a prime mover, with a pickaxe. A miner 
ould exert a manual output of } HP., power for which he received, 
uy, 1s. 3d. per hour, so that 1 HP.-hour cost about 10 shillings, at 
east. That, however, was not the worst of the matter. The miner 
to work in a very constrained and difficult position so that his 
ual output was very much less than $ HP. The Author stated 
that 65 per cent. was generally lost, so that the cost per effective 
HP-hour was actually about 28s. 9d., whereas the same power could 
‘be obtained by mechanical means for a penny. He thought that 
such an inefficient method should not be tolerated, because cheap 
coal was essential to the whole industrial system of Great Britain, 
and was a major factor in keeping down the cost of living. 
__ The efficient application of mechanical power in mining depended 
upon the tools and equipment employed. With a good and well- 
reanized installation, he thought that pneumatic power could 
made to work cheaper and more conveniently than any other, but 
many of the present pneumatic installations were very wasteful. An 
tallation had recently been described, for example, where only 28 
r cent. of the power supplied was actually used in the pneumatic 
tools, the rest being lost by leakage and friction in the pipes. Such 
‘inefficiency, however, was due to carelessness, and pneumatic power 
suld easily be conveyed in such a way that it was really profitable 
fo use it. Large power-driven units would be more economical ; 
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taken up very actively not only in mining but in oth 
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there was no reason why a miner should not control a fairly larges 
unit of compressed-air drills in such a way that the cost of cutting 
might be reduced to 1s. 6d. instead of 5s. or 6s. per square yard 
There were many other labour-saving inventions which could b 
used in the coal-field and which would be found very much cheapé: 
than the manual power of the miner himself. Their use would 
to the advantage of the miners, who would get higher wages and liv 
in greater comfort, and also to the coal-owners, who at present 
received very small profits or even, in some cases, were working theirt 
mines at a loss. 

Mr. A. P. I. Correrett said that he would like to stress th 
Author’s statement, which had been emphasized by previou 
speakers, that sufficient food alone made possible a sustained outpu 
of hard manual work. He was greatly impressed by the f 
that although from 4,750 to 5,000 calories of food per day wer 
needed by the miner, yet in the instances given in Table I only th 
miners in the hot mines received a sufficient amount, those in th 
last four districts receiving less than the minimum figure. Had th 
Author calculated that figure for a miner working in an uprigh 
position, or did it allow for the increase of 72-8 per cent. in the calorie 
value that was required to provide for the energy-output of the 
miner when working in a very stooping position or on all fours ? 

He noticed that during the observations recorded in Table IJ 
the miner had four different operations to perform. Presumab 
it was necessary that he should ease the hard work of coal-cuttin 
by attending to the timber, or perhaps the coal-face was so limite 
that there was no room for any other worker to undertake it. In th 
connection, new methods of working developed by a miner name 
Stakhanov had recently been reported in Russian publications - 
have revolutionized the coalmining industry of Russia—thoug 
probably those methods had been adopted to a large extent in Gre 
Britain many years ago. Instead of producing the normal quantity 
of about 7 tons per 6-hour shift, he had increased it by fifteen or 
sixteen times. Other miners, emulating his example, had gone 
even further, and had produced in the 6-hour shift no less than 4 
tons. That was the output of the miner himself ; when apportion 
amongst his extra timbermen and himself it amounted to a 
productivity of about 5 times greater than previously. The Donets 
coal-basin, in which the development was made, soon over-fulfilled 
its programme of production, and the method was being 


industries throughout Russia. One inference could be drav 
which agreed with a previous speaker’s suggestion, name 
that engineers should be able successfully to adopt m 


ape 


_ DISCUSSION ON ENERGY-OUTPUT OF THE COAL-MINER. 371 — 


mechanical methods of winning coal. It might be said Mr. Cotterell. 
hat if Mr. Hanssen’s suggestions were adopted, and power pro- 
ced for 1d. instead of for nearly 30s., an enormous number of men 
; ould be thrown out of work, but surely that should not be the 
reason why an old-fashioned method should be maintained. 
Mr. T. H. Barrery said that the Paper yielded information which Mr. Bailey. 
was of deep interest to him, as he had followed his grandfather 
d his father, both of whom were mining engineers, and had been 
rsonally acquainted with the industry for seventy years. In his 
early days he learned by observation to discriminate between 
workmen as to their capability or otherwise for the work in which 
hey were engaged. There were then no statistics, such as those 
that the Medical Research Council had published, nor was there 
any such valuable information as that resulting from the personal 
investigations of the Author. While there was a wide discrepancy 
between the findings of the Medical Research Committee and those 
of the Author, Mr. Bailey agreed with Professor J. S. Haldane in 
concluding that the Committee were misled as to the average 
energy-output and the corresponding food-requirements ; Professor 
Haldane had stated that their results were not for colliers only but 
icluded their families. . 
“Mechanical or muscular energy and heat-energy represented nearly 
the whole energy-output of the human body. The energy metabolism 
was the chemical or physical change in living matter, and that of the 
resting man was much less than that of the active man. For 
example, that of a particular man had been found to be 2,397 
Calories a day when at rest, but 4,574 Calories a day when working. 
‘The increase was 2,177 Calories, of which work amounted only to 
46 and heat to 1,631 Calories. Those figures showed the great 
mportance of an adequate food-supply for the manual worker, 
nd the Author was right in his deduction that an inadequate supply 
vould cause a fall in the output of work, an increase in accident rate, 
due to fatigue, and an increase in absenteeism, due to illness caused 
malnutrition. The energy-intake depended on the amount of 
d consumed, its calorific value, and its quality. 
A high moisture-content of the air retarded heat-dissipation, so 
hat the temperature and the moisture in the air-current through 
workings were of great importance. In some deep mines the 
yater came through the strata at a high temperature ; for example, 
the Snowdown Colliery, 3,000 feet below the surface, its tempera- 
ire was 98°F. It was very important, therefore, to keep the 
ake-airways free from water. Certain authorities had advised 
watering of intake-airways to keep down the temperature of the 
r in deep mines, but in his opinion that was not advisable. It 
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_ for some years, were of interest. The seams in the majority of the 
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was also necessary in deep mines to keep the air from going into tha 
“ sobs” or “ goafs,” which were like ovens, continually giving 
heat: the working faces had therefore to be kept in a straight 
line, with systematic packs which allowed the roofs over the gobs 
to break down behind them. 

Muscular fatigue was considered to be due to the production © 
lactic acid, carbon dioxide, and nitrogenous compounds, poisoning 
the nerve-endings ; recuperation from fatigue was obtained through 
sleep, which repaired them. In hot pits night-shifts should be 
avoided, as sleep in the daytime was always more difficult than ati 
night. Underground officials complained that men tired much) 
earlier on the night-shift than on the day-shift. i 

Gob fires were often the cause of high temperatures in mines.) 
At Bentley and Brodsworth collieries, near Doncaster, the directo; 
had been perturbed about the great number of gob fires which! 
occurred, and Sir Arthur Markham, Mr. J. W. Fryer, Dr. Haldane, 
himself and several chemists had been instructed to make inspections: 
and to report upon the best way of dealing with the trouble. They 
had found that the difficulty was caused by a thin bed of coal lying 
over and close to the top of the Barnsley bed, which was crushed: 
in the working, the air passing through the breaks. 

To sum up the physical needs of the miner, he required good foa 
and water, good housing, and bathing facilities-—it was essential 1 
keep the pores of the skin in good condition so that the escape 
heat from the body by sweating might not be hindered. For 
miner’s sake the colliery workings had to be well managed, with 
good ventilation, cool air, proper supply of materials and machinery, 
and the workings kept in good order and repair. 

The relation of the mind to the energy-output was also an essential 
one. The medical profession stated that the onset of fatigue was 
more generally due to the mind than to the muscles. It was 
the mind which was the source of action. If, therefore, the mind 
was eager to carry on the work in hand—if, as the saying was, 
“the man’s heart was in his work”’—he would work the better. 
It was therefore advantageous to do all that could be done to 
interest the miner in his job, in the best methods of coal-cutting 
repairs, and the uniform working of the mine, so that he felt himself 
part of the scheme. “ae 

Mr. C. W. G. Hrypiey remarked that the conditions in the very 
important coalfields of Bengal and Bihar, where he had been employec 


collieries there were fortunately very thick, so that the mine; 
were almost always able to adopt the upright position. Th 
advantage was largely offset, however, by the very unpleass 
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atmospheric conditions. The temperature underground was Mr. Hindley. 
generally about 90° F., and it was difficult to get the wet-bulb 
‘thermometer below 88° F. A difference of only 2 degrees at 
“that temperature indicated the humidity, which was extremely 
unpleasant. He knew from personal experience that walking up a 

‘grade of 1 in 5 under such conditions could produce headache and 
lassitude for the rest of the day. The men employed were local 
tribesmen, mostly less than 5 feet in height and weighing less than 
“8 stone. Their diet was two meals a day of boiled rice, but very 
occasionally they had a meat meal. Their shift was 9 hours under- 
' ground, but in practice they never worked underground for more 
“than 7 to 8 hours. There was difficulty in supplying them with 
fresh water, but there had been no complaints; none of the 
“men seemed to find the work particularly arduous. At the same 
time, they worked only for approximately 3 months in the year 
| for short periods, and never more than 4 days in a week, and the 
only output it was possible to get from them with the greatest 
encouragement and care and the best welfare work which could 
provided in modern conditions was an average of 15 hundred- 
eight in a 9-hour shift. 
Professor J. 8. HALDANE observed that the Author had given an Professor 
admirably clear summary of the important investigations which he peep 
had carried out during the last few years on the physiology of coal- 
miners and, indirectly, of other men engaged in hard muscular 
exertion. He would like, as a physiologist, to say that he had no 
doubt as to the soundness of the Author’s results and inferences. 
Such criticisms as had at one time been directed against some of 
| them were certainly mistaken. 

_ There were two points in the Paper which he wished to discuss. 
The first concerned the apparently anomalous fact that colliers in 
hot mines consumed more food. He thought that that might 
_ perhaps be due to the extra work which they had to do in producing 
sweat. Sweat was a specific secretion, produced by internal activity 
‘of the sweat-glands, against osmotic and other forms of diffusion- 
Its production therefore involved work and corresponding 
extra oxygen-consumption, but there were as yet no data for deciding 
whether that was sufficient to account for the extra food- 
- consumption. 
The second point concerned the influence of salt in the food or 
- drink. In the course of his other work the Author had observed 
_ the existence of occasional attacks of very violent cramp, particularly 
in the abdominal muscles, among miners working in warm places. 
"That was evidently the same thing as what was well-known as — 
“stokers’ cramp”; in view of the constancy of the composition of 
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sweat, and of the fact that during hard work the secretion of uri 
was almost entirely suspended, the possibility of acute shortage m: 
the proportion of salt in the body was evident, and its effects would 
be essentially the same as those of an excessive proportion of wate | 
The function of the kidneys was to maintain constant the proportion 
of salts and other crystalloid constituents in the blood, but with the 
kidneys almost out of action an excess of water could not be got rid’ 
of, so that what was really poisoning by water might result, although, . 
as indicated by the thirst, there was a deficiency of liquid in the | 
In order to test that theory, his son Professor J. B. 8. Haldane 
had accompanied the Author in a visit to a very hot Lancashire: 
colliery where cases of miners’ cramp had occurred, and obtained 
a sample of the very scanty urine of one of the men. That sample 
gave, with the very delicate silver-nitrate test, not the slightest 
indication of chloride. The kidneys were holding back every trace: 
of chloride, while the sweat-glands, which had nothing to do with 
regulating the blood-composition, were throwing it away recklessly. 
There was no other known method of producing such a shortage 
chloride as was thus found to exist in miners’ or stokers’ cramp. _ 
His friend and former pupil, Dr. Johanne Christiansen of Copen- 
hagen, had told him that on a lecturing visit to the Faroe Islands: 
she found that a condition characterized by acute abdominal pa 
had come to be called “‘ Morbus Britannicus,”’ because it affec: 
the British but not the Scandinavian stokers on the trawling vesse: 
It was commonly diagnosed as appendicitis or impacted gall-ston 
and operated for accordingly. The mystery was explained when s 
discovered that by the rules of the British Seamen’s Federation t 
British crews got no salt meat or fish, while the Scandinavian crews 
lived largely on salt meat or fish. Shortage of salt, or water- 
poisoning, seemed always to be associated with sweating, and the 
more acute cases with sweating during muscular work. | 
The AurHor, in reply, remarked that acclimatization played a: 
very important part in efficiency of manual work in high air-: 
temperatures. That had been clearly shown in his work published 
12 years ago! and in subsequent Papers. ; 
Mr. Whitehouse had pointed out that a coal-miner might have a 
large family and a wife knowing little or nothing about the purchase’ 
or cooking of food, whereas in South Africa the food of the native 
mine-workers was prepared by an experienced cook. Since the 
calorie-value of the native’s food had been fixed at 4,385 Calories per: 
day, it was further evidence of the need for a higher food-value the 
that for coal-miners in Britain. a 
He feared that Sir Henry Japp had misread Table I. It did not 
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tate that a miner's pay was Ts. a day; in fact, no actual data for The Author. 
“wages were shown, though a basis of comparison was given. It was 
: surprising that Sir Henry had a heat-stroke after being in almost 
“saturated air at 102° F. The importance of the effect of humidity in 
uigh air-temperatures upon working capacity was most important, 
nd should be very clearly understood by all engineers responsible 
or the welfare of their workmen. When the wet-bulb temperature 
f the air exceeded 85° F., the efficiency of, and capacity for, work 
was quickly impaired. 
_ The data given in Table I were obtained in 1922 for miners working 
“under normal conditions involving a good deal of stooping, especially 
‘when loading. The estimated calorie-value of a coal-miner’s food- 
equirements (4,750-5,000 Calories per day) was of course based 
ipon normal working conditions, including therefore a good deal of 
stooping. It was not correct to assume that the crux of the Paper 
“was that a miner could not buy sufficient food to keep up his work- 
output properly under present-day conditions. The figures in 
Table I were obtained at a period when the output per man was less 
than it was to-day. The energy-output figures were determined a 
year ago. Nowhere did he say that miners as a class were underfed ; 
there was certainly evidence of malnutrition amongst them, but 
whether that was due to poor wages or to domestic inefficiency of their 
households was a matter for determination. He had, however, in 
his introductory remarks (p. 364) pointed out that if the wages of 
@ manual worker were too low he could not purchase an adequate diet. 
_ Mr. Hindley’s remarks were most interesting. Some years ago the 
Author had determined the salt-content of the sweat of several 
native students from India, and found it to be nearly twice as high 
‘that of an English collier. Those results might not, of course, 
‘normal for natives of India, but, if they were, then it was clear 
that sweating in mines in India could not produce the same degree 
of salt-concentration of the blood; hence thirst, and therefore the 
need for water, was not likely to be so common as amongst coal- 
ainers in England. 
An output of only 15 cwt. of coal per shift of 9 hours was not to 
be wondered at if the air-temperature conditions were so severe, and, 
more particularly, if the miners’ food-input was so very low. He 
ped that Mr. Hindley would induce a dozen or more natives 
sradually to acclimatize themselves to a much higher food-input 
day, and at the same time determine their work-output. The 
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had always been most readily and kindly given. His contention 
that the need for more food when working in hot mines might be 
due to the extra work done by the sweat-glands during the copious 
secretion of sweat was very interesting, and should be investigated 
The Author could hardly believe that that alone could account 
wholly for the increased food-consumption. It might be that hard 
manual work, accompanied by profuse sweating, caused a slowing-u 
of the digestive processes and that, in consequence, an abnormal, 
amount of food passed out undigested. 

The cause and cure of “‘ Morbus Britannicus ”’ were both interestings 
and amusing. Professor Haldane would remember that in the early; 
days at Pendleton colliery the sufferers from cramp were rushed off: 
to hospital and, after an erroneous diagnosis, were operated on for! 
appendicitis. 


x* The Correspondence will be published later.—Sxrc. Inst. 0.E. 
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ORDINARY MEETING. 
10 December, 1935. 


Mr. JOHN DUNCAN WATSON, President, in the Chair. 


- On the recommendation of the Council, the members present 
_ elected by acclamation as an, 


Honorary Member 
Tur Riaut HonovrRAaBLE LORD PLEeNnDER, G.B.E., LL.D. 


_ The Prestpent said that at the Ordinary Meeting on the 
- 12th November, at which the first Paper on a subject of current 
engineering interest was discussed, it had been found that many 
| who had wished to take part in the discussion had been unable to 
do so, owing to lack of time ; it had therefore been decided to accept 
__ written communications received within a week after the meeting 
_ for publication in the Journal. As the same difficulty might arise 
Ee again, when such Papers were being discussed, written, communi- 
' cations would, in the future, be accepted, provided that they were 
| received in time to be published in the Journal with the Paper and 
- oral discussion. The latest date for receipt of such communications 
_— would be printed on the advance proofs of the Papers; that for the 
__ present Paper was the 16th December. 


- The following Paper was submitted for discussion, and, on the 
~ motion of the President, the thanks of The Institution were accorded 


to the Author. 
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378 DONKIN ON INDUSTRIAL, AGRICULTURAL, AND DOMESTIC 


“Industrial, Agricultural, and Domestic Heating, with 
Electricity as a By-Product.” 


By Sypney Bryan Donxty, M. Inst. C.E. 
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GENERAL CONSIDERATIONS AND EXISTING PLANTS. 


CuEap coal and labour, both for industrial and domestic purposes, 
have probably contributed to the disregard which engineers and the 
community as a whole have shown in this country towards the 
question of combining the supply of both heat and electricity from 
central thermal-electric stations. The prior establishment of one— 
supply or the other has also made such combination difficult of 
application in present-day cities. 

With the highest boiler-pressures and the most efficient plant at 
present in use the overall thermal efficiency of “ straight ” electric 
generation when using coal as a source of energy cannot exceed about 
30 per cent. By providing means for using the latent heat in steam — 
for industrial, domestic and horticultural lating, the thermal 
efficiency of the combined station which generates electricity and 
utilizes the surplus heat can be raised to 60 or even 70 per cent. where 
suitable arrangements can be made for the balance between the 
electricity-demand and the heat-demand. i 

It is probable that the price of coal will be increased in the near 
future, and in order to avoid a corresponding i increase in the selling 
price of electricity it is desirable for engineers to examine every 


E Fig. 1 illustrates diagrammatically how the latent heat from the 
2 steam can be utilized, and shows that it is possible to provide two 
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grades of heat when employing a thermal-electric system, one for 
manufacturing processes, which may be referred to as high-grade 
heat, and the other for the heating of hothouses, referred to as low- 
grade heat. Domestic heating lies between these two limits, and is — 
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not shown in the Figure. The cooling-tower on the right-hand side of 
the Figure would only be in service during the summer months, as — 
the low-grade heat can in most cases be utilized during the winter 
weather (normally about 6 months). If cooling is available from a 
river or other source no cooling tower is necessary. On the left-hand 
side of the Figure it will be noticed that the provision of high-grade 
heat robs the steam of heat, a small percentage of which could have 
been used for additional electric generation. This loss in electric 
power is very much less than the corresponding gain achieved by 
enabling a large amount of latent heat to be used which would 
otherwise be lost. 

The possibilities of combined thermal-electric stations have long 
been appreciated, but for a number of reasons developments along 
these lines have made practically no headway in Great Britain, except _ 
in the case of certain large self-contained works. Inthe United States 
of America district heating-systems distributing steam and, in some . 
cases, hot water have been extensively developed, but very few of 
these installations have taken advantage of the fact that with a 
proportionally small additional expenditure on fuel they could 
generate steam at considerably higher pressures and temperatures, 
and, after passing it through back-pressure turbines, feed it to their 
district heating-networks. There are actually about forty towns 
where public utility companies are supplying heat and power from 
combined thermal-electric stations, of which Pittsburg, Rochester, 
and Peoria.may be cited as the leading examples. In Western 
Europe greater attention has recently been devoted to the problem, 
and some characteristics of the more important installations of this 
kind are shown in Appendix I. Descriptions of these stations and — 
operating statistics have appeared from time to time in the technical 
press, and Appendix II gives a bibliography of the more important 
articles which have appeared. 

By far the largest developments of this kind have taken place in 
Soviet Russia, where the authorities have been able to make good 
use of the principle involved in the development of the country’s 
new industrial centres under the first and second Five-Year Plans. In 
all about sixty-three combined thermal-electric stations have been 
built. The distribution of heat for domestic purposes has been done 
with high-pressure hot water. Leningrad has by far the most exten- 
_ sive network in the country, about 20 miles in total length and | 
distributing 416 million B.Th.U.’s per hour. Since 1926, when the 
development of thermal networks started in the U.S.8.R., some 120 
miles of main heat-distribution network has been installed. | 

The success which has attended the operation of the earlier com- _ 
bined thermal-electric stations (all built after 1926) has led the 
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_ authorities in Moscow to embark upon an extensive scheme, under 
_ which it is intended that Moscow will ultimately be provided with ten 
large thermal-electric stations having a total installed generating 
capacity of 1,426,000 kilowatts and distributing 26,500 million 
B.Th.U.’s per hour. The first of these—the Stalin thermal-electric 
station—is already in commission with an installed generating 
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capacity of 75,000 kilowatts, but is designed for an ultimate capacity 
of 250,000 kilowatts. 

It is not proposed in this Paper to do more than briefly refer 
E to. the theoretical advantages which accrue from the provision 
__ of pass-out turbines for supplying heat for various purposes. This 
ambject has been very fully dealt with in various papers which have . 
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been published from time to time dealing with the characteristics 
of pass-out turbines. An example of the economics of a combined 
system in a possible new industrial town will, however, be given later. 

Although the more usual method of demonstrating the possible 
theoretical economies is by use of the Mollier diagram, it is probably 
more convincing to quote examples from actual practice. Fig. 2 is 
the heat-flow diagram of the 10,000-kilowatt thermal-electric plant 
completed in 1928 at the Grosni oil fields in Northern Caucasia. 
This station is equipped with two 5,000-kilowatt turbines working 
at 420 Ibs. per square inch steam-pressure at 725° F., and passing 
out 38,600 lbs. of steam per hour at 160 lbs. per square inch pressure, 
but designed to work as straight condensing sets if required. The 
diagram presents an indication of the heat-losses, and shows that 
although the amount of the heat-energy in the fuel leaving the 
station in the form of electricity alone is in this case only 10-95 per 
cent., nevertheless the overall thermal efficiency is 54-98 per cent. 
In other words, electricity is not the major product of the plant. 

The overall thermal efficiency quoted is no exception for such 
stations. Table I shows the figures obtained at four other 
similar stations which have been built in the U.S.8.R. since 1928. 
The thermal-electric station at the Beresniki works of the State 
Chemical Industries ot the U.S.S.R. is a rather special installation of 
this kind, with an overall thermal efficiency of 58-7 per cent. 

A notable British example of a large factory in which the fullest 
possible use has been made of the advantage gained from combining 
thermal and electrical supplies is to be found in the Billingham plant 
of Imperial Chemical Industries.1_ In Great Britain a large number 
of individual industrial plants have recently been installed, details 
of which are from time to time published in the technical press. At 
the carpet-factory of Messrs. J. Crossley and Sons in Halifax a 
2,000-kilowatt turbo-generator set has been installed designed to 
pass out 60,000 lbs. of steam per hour at 30 lbs. per square inch 
back-pressure. The summer demand for back-pressure steam is 
38,000 lbs. per hour, whereas the winter demand reaches 58,000 lbs. 

In the majority of cases the heat is taken from pass-out steam 
from turbines and may be regarded as high-grade heat, but in 
one or two cases arrangements have been made to utilize the low- 
grade heat in the circulating water from condensing sets. The 
thermal-electric plant of the Packard Motor Company’s works in 
the United States may be cited as an example in which the fullest 
possible use is made of the low-grade heat in this way.1 The circulating- 
water pumps are so arranged as to enable the speed of flow of the 
circulating water to be varied so that the water leaves the condenser 

‘ 


1 See Appendix II for references. 
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HEATING, WITH ELECTRICITY AS A BY-PRODUCT. 


equipment. The heating of soil in tomato-houses by hot water 


at any desired temperature between 90° F. and 180° F. The heated 
water is used for heating the Company’s workshops, and the tempera- 
ture can thus be varied to suit weather-conditions. When the water 
is allowed to leave the condenser at 180° F. the vacuum is reduced 
and the steam-consumption per kilowatt increased. This par- 
ticular installation is of exceptional interest because it indicates 
the possibility that such low-grade heat may be able to find a con- 
siderable outlet in horticultural work, not being confined merely to 
heating workshops and residences. . 


HortTIcULTURAL HEATING. 


Numerous small-scale attempts have been made to utilize waste 
heat from industrial plants and power-stations for horticultural 
purposes, but large-scale development has been slow. 

The Klingenberg power-station of the Berliner Stadtische 
Elektrizititswerke A.G. may be cited as an example of a station 
supplying steam to some 57,500 square feet of cucumber-houses, 
47,800 square feet of tomato-houses, and 5,160 square feet of houses 
for cut flowers—in all 110,460 square feet (approximately 25 acres). 
These glasshouses are situated at about 250 yards from the power- 
station and are heated with hot water from heat-exchangers that 
operate on pass-out steam from the house turbine-sets. The water 
leaves the heat-exchangers at a temperature of 248° F. and returns 
at 158° F. The system is designed to maintain a temperature in 
the cucumber-houses of 84° F. and in the tomato-houses of 66° F. 
when the outside temperature is 14°F. A small amount of heat is 
also being used experimentally for soil-heating, but in this connec- 
tion the Klingenberg authorities have not yet taken the fullest _ 
advantage of the benefits that growers are believed to reap from 
carefully-controlled bottom-heat at the correct periods. 

There is without doubt a field for the introduction of horticultural 
heating as a means of utilizing low-grade heat from combined thermal- 
electric stations. The one serious argument against placing glass- 
houses in close proximity to steam-plants is that the growth of the 
plants is adversely affected by dust, carbon dioxide, and sulphurous 
fumes. With modern boiler-house equipment, with chimney-heights 
and chimney-temperatures suitably chosen, and with the scrubbing 
plants advocated by the Electricity Commission, this difficulty can 
be surmounted. Such heat in hothouses would allow growers to 
reduce their “ top-heating ” charges below those now common with 
standard heating equipments, thus giving them a margin which — 
would allow them to install hot-water soil- or “ bottom-heating ” 


circulated through pipes buried about 18 inches below the surface 
- \ z 
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has been shown to yield earlier crops and to increase the weight of 
_ fruit grown. It is suggested that installations of this kind should, 
__ wherever possible, be carefully considered in any comprehensive 
_ thermal-electric development scheme. 


EQUIPMENT oF THERMAL-HLECTRIC PowER-STATIONS. 


Boiler-Pressures. 

The choice of suitable boiler-pressures for large combined thermal- 
_ electric stations has up to the present been chiefly influenced by the 
limiting maximum pressures for which standard water-tube boilerscan 
- be economically built and by the limiting minimum pressure for which 
it pays to build boilers of the Léffler or other similar types. At the 
" present moment the former maximum limit appears to be about 
1,500 Ibs. per square inch, and the latter minimum limit about 
2,000 Ibs. per square inch. The increase in thermal efficiency due to 
high initial temperatures and pressures in plants of the kind under 
‘review is obvious, but, although a few large plants operating at 
2,000 Ibs. per square inch have been built and put into operation, 
it would appear that at present a maximum pressure of 1,500 lbs. 
é per square inch using standard water-tube boilers would most 
satisfactorily meet the case in most instances, particularly when 
initial capital outlay is taken into consideration. 
_. A further limiting feature with regard to boilers is the maximum 
_ temperature to which the steam can be superheated. 900° F. is 
- generally considered a safe total temperature, provided that 
suitable means are adopted to ensure that under no conditions of 
- operation will this temperature be exceeded. Boiler-equipment and 
'  steam-distributing and measuring equipment for the pressure and 
temperature suggested have now passed the experimental stage, and 
~ ean be installed and handled with confidence. For smaller combined 
_ thermal-electric stations supplying individual works such high 
pressures are seldom justifiable. 
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 Pass-Out Steam Pressures. 
‘ The selection of a suitable pass-out pressure for combined thermal- 
electric stations is dependent on considerations of process tempera- 
- tures and pressures, and also on the maintenance of proper balance 
between the thermal and electrical loads on the station. In small 
industrial installations there is a distinct advantage to be gained by 
__ keeping the pass-out pressure as low as possible, as the lower pass-out 
pressure renders available a proportionally greater amount of electrical 
_ energy for the same quantity of steam supplied to the process. 
Fig. 3 (p. 386) shows the power available from 10,000 lbs. per hour 
_ of pass-out steam at various pass-out pressures and boiler-pressures. 
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With regard to steam-temperatures in small installations, it is® 
generally desirable to choose an initial steam-temperature which 
will give about 50° F. superheat in the steam on its leaving the pass- 
out turbine in order to ensure dryness; Fg. 4 gives some indication 
of the superheat necessary at various boiler-pressures and pass-out 
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pressures to fulfil that requirement. In larger thermal-electric plants ~ 
serving groups of works and supplying heat for districts or for 
horticulture, and where higher initial boiler-pressures are usually 
_ possible, any advantage there may be in having low pass-out pressures | 
with such high initial pressures is more than counteracted by the 
difficulty of balancing a large electrical load thereby available with — 
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| a relatively small amount of available heat for distribution. In 
Zz such cases, therefore, it is frequently found justifiable to provide 
higher boiler-pressures and to pass out steam at 150 to 200 Ibs. 
‘per square inch into a low-pressure system, which supplies steam 
. either to condensing turbine-sets or through heat-exchangers to 
__ factory processes as load-conditions demand. This arrangement 


Fig. 4. 
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permits flexibility in operation, and also renders available process- 
heat at temperatures of 350° F. to 400° F. 

_ The general trend, during recent years, towards high-pressure 
hot-water heat-distribution systems has also greatly favoured 
__pass-out pressures and temperatures of this order in large combined 
 thermal-electric plants. Experience has shown that when pipe- 
diameters and cost of installation are taken into consideration — 
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there is a definite advantage in favour of hot-water distribution 
at pressures of the order of 150 Ibs. per square inch. 


Accumulators. 

The difficulty of obtaining a perfect balance throughout 24 hours 
between electrical loads and heat loads in combined thermal-electric 
stations can be overcome by the installation of heat-accumulators. 
The cost of such accumulators is generally less than that of 
additional boiler-plant to serve the same purpose, and in many 
cases can be justified. If water be used for heat-distribution, this 
in itself provides heat-storage. At Hamburg a very large accumu- 
lator has been installed having a content of 550,000 gallons of water 
and a storage-capacity of approximately 400 million B.Th.U. The 
accumulator is of the usual large cylindrical type, of welded con- 
truction throughout. The thermal losses are insignificant. 


Turbines. 

The turbine does not present any difficulty with regard to the 
maximum pressures and temperatures at which it can be made to 
operate, as it can readily deal with the limiting pressures and 
temperatures determined by the boilers. It is found advantageous 
in most cases to have two turbines working in series, each with its 
own alternator, a high-pressure turbine utilizing the steam at its 
initial pressure and exhausting it at a pressure of about 150 to 200 lbs. 
per square inch to process work or to a second turbine exhausting — 
to a condenser. This arrangement not only gives greater flexibility 
but enables appropriate turbine-speeds to be used for the two pres- 
sures, resulting in a better thermal efficiency. 


An EXAMPLE oF A THERMAL-ELECTRIC PLANT IN GREAT 
Britain. 

To what extent the combined thermal-electric station is a practical 
proposition in Great Britain has been the subject of much debate. 
In our older manufacturing towns the cost of installing the heat- 
distribution network in their congested streets and the existence of 
electricity, gas, water, and sewerage services constitute almost 
insurmountable barriers to its use, but in laying out new industrial 
areas it presents possibilities which must not be neglected. Such 
new towns should be planned to provide for a supply of heat and — 
electricity from a combined thermal-electric station and provision 
should be made where possible for interconnection between the 
station electrical system and the electrical system of the authorized 
electricity undertaking in the district. ian 

Various authorities have recently given their support to the idea 
of creating satellite-towns in certain areas as a means of absorbing 
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use being made of the heat-value in the fuel which is available to 
A industry and other services. An ideal plan of such a town is shown 


Fig. 5. 


(Scale: 1 inch = 1500 yards approximately.) 
Diagrammatic Layout or Ipzan InpusTRIAL Town. 
_ A. Civic centre. K. Agricultural belt. 
8B. Commercial zone. R. Residential. 
' ©. Multiple family dwellings. — S. Thermal station ; coal-treatment and 
__D. Neighbourhood centres (shops, industrial research. — 


— schools and playgrounds). T. Food factories. 
XK. Industrial. ; U. Sewage-disposal. 
__ F. Horticultural. V. Railway sidings. 
- G. Railway station. — W. Aerodrome. 
- H. Parks. 
4 Area 2,500 acres. Population 100,000. 


4 jn Fig. 5; it has been prepared by Messrs. Thomas A. Mawson and 
- Son, architects and town-planning consultants, and the arrangement 
- could be adapted so as to suit local interests and so as not to detract 
from the amenities of the locality. Particular provision is made for 
he convenience, economy and safety of traffic circulation ; all— 
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main roads are laid out as parkways. Such a town would be planned 
for a population of about 100,000 inhabitants with a maximum 
density of 40 people per gross acre and for a thermal-electric station 
with an installed capacity of 30,000 kilowatts. 

The industrial area is specially planned to ensure maximum 
economy for hot-water and electricity distributing mains. 

Inside the industrial zone and close to the power-station are 
the greenhouses, so that heat may be provided from the con- 
densing water used in the power-station. This enables hothouse 
cultivation to be undertaken on a commercial scale at a price which - 
should compete most favourably with foreign produce of a similar 
kind, and at similar seasons. Surrounding the area of land thus 
to be developed is shown a reserve agricultural belt for farming and 
market-gardening, and chicken-farms, some of which may require heat. 

In order to indicate the economic possibility of such:a proposal 
as that described above in general terms, the following estimates of 
probable capital expenditure, working costs, and revenue have been 
drawn up for the scheme shown in Fig. 6. 


(1) General Data. 


Output of plantinstalled. . . . . 30,000 kilowatts. 
High- and low-pressure boiler capacity . 600,000 pounds per hour. 
Electrical paakload . . . . . . 20,000 kilowatts. 
Electrical load-factor. . . . . . 35 per cent. 
Electricity sent out . . . . . .. 61,000,000 units per annum. 
High-grade heat (peak load). . . . 250,000 pounds of steam per 
hour. 

i - 3) Joad-factor>. 3a —. 35 per cent. 

3 Pe 5 RBONG OU Hie oll ao els 6,250,000 therms per annum. 
Low- ,, a9) (peak long) wee 130,000 pounds per hour. 

- 5 5s JO8d-factor aca ries 20 per cent. 

os ss Bont OUER® Geese cee 1,950,000 therms per annum, 


(2) Capital Costs. 
Generating station, 30,000 kilowatts at 


£18-3 per kilowatt . . . . . . £550,000. 
Heat-distribution pipework system, 
meters, etc. ook i oo is ae £501000. 


The cost of the combined thermal-electric station includes land, 
sidings, foundations, buildings, and all plant and auxiliaries, including 
the pumps and heat-exchangers for the thermal system. No capital 
cost is included for electricity distribution, as this is common to any 
scheme, and the revenue from the sale of electricity is calculated 
from the units sent out at the bus-bars. 


(3) Interest and Sinking Fund. 
Taken as 8} per cent. on £550,000. . . . . £46,700 per annum 
Sinking fund at 3-5 per cent. on £50,000 . . . 15750 Sense 


Total capital charges . . £48,450 ,,  ,, 
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fe The interest on the capital cost of the pipework, ducts, insulation, 
_ ete., for the heat-distribution is not included, but will be added to 
_ the cost of the land sold to industries and to prospective residents, 


Fig. 6. 
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etc. Sinking fund at 3-5 per cent. is, however, provided from this 
capital in order to allow for replacement. 
(4) Working Costs. _ 
Goal at 12s. Od. per ton delivered, 12,500 B.Th.U. 
per pound, including that used for auxiliaries 
andonworks ... .- ; 


- : . . . . £35,000 per annum 
Be Aliother charges. . - . - - - - + + +=830;400 4, °,, 
Maintenance, pumping, etc., for heat-distribution £2,500 ,, _,, 
ed ay: otal.» $67,900 35" ne Oe. 


i Be? oh bid | ee ans om a 
7, 


a 
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(5) Revenue. 


Electricity, 61 million units at 0-22d. per unit. . . . . £56,000 
High-grade heat, 6-25 million therms at 2d. pertherm . . £52,000 
Low-grade heat, 1-95 million therms at 1-75d. pertherm. . £14,200 

Total Revenue . . £122,200 


In a combined thermal-electric station selling heat and electricity, 
it becomes the duty of the management to allocate suitable charges 
for both commodities, and commercially it may be expedient to do 
this without accurate reference to the working and capital charges 
for each, provided that the total is correct and that a basic minimum 
is maintained for each. In practice, however, it is obviously 
necessary to attract custom by fixing a price for each commodity 
which will show the consumer that it is lower than one at which 
he could obtain the same results by other means, especially individual 
generation. In this example the charges for each commodity have 
been devised on the above lines and so as to bring in a revenue 
amounting to more than the capital and working costs in order to 
provide for a reserve of a predetermined amount. 


(6) Balance. 


£ per annum. 


Capital Charges . . . . £48,450 Revenue . . . . . £122,200 
Working Costs . . . . £67,900 
Balance . =: . £5,850 . oe 

£122,200 £122,200 


The effect of selling surplus electricity from the combined thermal- 
electric station to an outside authority in the winter and buying 
electricity from their surplus in the summer will probably improve 
the credit balance shown in the example quoted, especially because 
with the same plant the electrical load-factor should be improved. 

It should also be pointed out that the full working costs of raising — 
steam in the high-pressure and low-pressure boilers are included in 
the working costs given above, which provides for imperfect pro- 
portions in the demand for heat and electricity. 

_It should be noted that in the above account the prices of the two 
commodities, heat and electricity, are as low as possible to provide 
only for an annual reserve fund. If any public utility company 
developed such a scheme the prices for the two commodities would — 
probably be increased to provide the desirable additional profit. 

Mr. H. R. Ayton, in his Presidential Address to the Belfast Asso- 
ciation of Engineers, read on 13 November 1935, works out a some- 
what similar example ; ! he compares the cost of generating electricity 


1 For reference, see Appendix IT. 
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__ by a combined thermal-electric station with that of direct generation, 
and indicates the order of the saving that could be effected. 
The greatest practical difficulty in operating a system of this kind 
_ is to secure a proper balance between the electrical and the thermal 
load. Heat-accumulators furnish a physically satisfactory method 
- of accomplishing such a balance, especially in the daily fluctuations, 
whilst a further desirable improvement can also be obtained 
seasonally by an interchange of electrical energy with the existing 
_ statutory supply-authority. Such statutory authorities would find 
_ that small thermal-electric stations could assist them materially 
with their load-conditions, because in the winter months when large 
quantities of heat are required the thermal-electric station would 
_~ have surplus electricity to sell at relatively low rates; on the other 
_ hand, during the summer months the demand for heat would be 
limited to process-work, so that it would probably prove econo- 
_ mically sound to shut down much of the plant and purchase the 
_ out-of-balance electric power from the area network of the sur- 
rounding supply-authority. 

The size of central thermal-electric plants is limited by the area 
over which it is economical to distribute heat, and also, for the appli- 

_ eation suggested in this Paper, by the generally-accepted principle 
of modern town-planning authorities that new satellite-towns should 
be limited in population to a figure of approximately 100,000. 

Thermal-electric plants of the type envisaged in this Paper must 

be regarded primarily as distributors of heat, and the electricity 
_ which they generate is one of the saleable by-products which they 
generate from the fuel with which they are supplied. 

The importance of utilizing more than twice as much of the 
available heat in the coal burnt should prove a conclusive argument 
in favour of combined thermal-electric stations where these can be 

installed economically in themselves, and without detriment to 
existing supply-authorities. 
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B.Sc., Assoc. M. Inst. C.E., for checking the contents. 


The Paper is accompanied by eight sheets of drawings, from some 
of which the Figures in the text have been prepared, and by the 
_ following two Appendixes. 
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APPEM 
CHARACTERISTICS OF SOME EUROPEAN 
Thermal ; Absolute 
Paprrcicers Length of lines: | Temperature: ‘ 
ee a 0. aor 
Gare de Lyon, Paris . Steam 1,000 190-160 11) 3 /4eme 
Copenhagen-Aarhus-j| Hot water 6,300 120° from — 
Esbjerg. station ; 
60° after 
circulation. 
Berlin, Steglitz. . . Steam 4,000 — os 
Breslat sanity wc s Steam 150 (2 lengths, —— —_— 
test). ; 
j 
Zurich Technical High| Hot water _~ — — 4 
School. 3 
a 
j 
Forst (in operation since | Hot water | 1,000 (northern 170 6-7 (5-5-6 | 
Ist January, 1929). section). being . 
7 sufficient). 
306 (southern 
section), 
879 (branch 
pipes). | 
Berlin, Charlottenburg. | Waste-steam, 5,000 — 3 
hot water. ; : 
; 
H 
Tain biti <2 fai ace ite Waste-steam 11,200 — — 
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| 
| 


i 
] 
q 
| 


st es Type and | _ Capacity : 
soriieteee | pes ot | Mogren cart) Balenacs. 
250-200 —_ 13,000,000 | ZVDI. vol. 75 
(1931), No. 38, 
p. 1206. 
— — Cellular — ZVDI, vol. 73 
concrete. (1929), No. 28, 
jee) 
— 127-363 Cork or cellu- — is 
lar concrete 
wrapped with 
jute 40 mm. 
thick. 
> 
— == 11,000,000 | ZVDI.-vol. 73 
(1929), No. 6, 
p. 206. 
600 mm.(main) | “‘ Expansit”’ — Arch fir 
7 mm. thick,| insulation of W armewirt- 
f Process| decreasing to} main 5-10 schaft, vol. 11 
steam: 6 factories.| 250 and 156) mm. fire- (1930), No. 6, 
Teating: 1 fac-| mm. proof coating, p. 210. 
ory, 2 schools, 1 30 mm. layer 
{concert hall, 1 of Kieselguhr, 
| | dwelling-house, 1 30 mm. layer 
| office- building, 1 of cork, and 
every: a coating of 
gypsum. 
32 450 “* Expansit,”’ — ZVDI. vol. 70 
(main supply) ;| cork on coat- (1926), No. 46, 
350 ing of Kiesel- p. 1520. 
(ring main). | guhr 50 mm. 
. thick. 
| 6 buil dings (1921) ; = = 7,000,000 | ZV DI. vol. 70 
| 40 consumers (1921), | (1926), No. 46, 
| (1924). 12,000,000 | pp. 1511-20. 
Beas (obs 1923). . 


a, bn 
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Thermal , * 

2 eae Length of lines : 
} Plant. distribution- 
system. metres. 


| | 


Berlin, Moabit . 49 km. 


(planned). 


Berlin, Neuk6lln 


2,500 (when 
complete). 


150° out, 


Hot water 
- 70° return. 


_ Munich Railway Station 2,600 


pal, 


a 


a 


_ Dresden (1895, con-| Hot water 
_densate only) extended 
in 1926-28 to thermal- 

electric power-station. 

: Hot-water system in 


1927-29. 


Low-pressure 
steam. 


Jresden (Municipal 
1 and Sana- 


| High-pressure 


steam. 


| Number of buildings | Pipe diameter : 
rae heated. millimetres. 


consumers 


0 
(1924). 


14 buildings (Feb. 


228 (max.) 
1921). 


253 ; 216; 156 


Two 250 out- 
going, 350 re- 
turn. 


119 
pipes). 

64 (condensate 
pipe). 


(steam 


| Two 250 and 

180 (steam). 

Two 180 (con- 
densate). - 


225 and 175 
(steam). 

175 (conden- 
sate). 


Type and 
thickness of 
insulation. 


5 cm. Kiesel- 
guhr and tar 
board. 


5 mm. coating 


of Kieselguhr, 
diatomite 
shell 50 mm. 
thick. 


Hot-water and 
steam mains 
insulated 
with spun 
glass in an 
asphalt jack- 
et, flue-dust 
in sheet-iron 
jacket, or 
slag-wool in 
hard jacket 
separated 
with magne- 
sium and 


lambda shells. 
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Capacity : 


Bilogren eoleties 


per hour. 


10,200,000 
(1921), 
14,000,000 
(Feb. 1923). 


38,000,000 


Normal load 
16,700,000 ; 
capable of 
60,000,000. 


Normal load 
1,100,000 ; 
capable of 
2,000,000. 


Normal load 
4,700,000 5 
capable of 
7,000,000. 


Normal load 
25,000,000 ; 
capable of 


development to 


35,000,000. 
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Die Fernheizanlage 
Hauptbahnhof. 


Miinchen- 


Das Fernheizwerk der stidtischen 
Krankenanstalten in Essen. 

Betriebsergebnisse des Fernheiz- 
werkes fiir das Rathaus in 
Charlottenburg. 

Das neue Fernheizwerk der Stadt 
Berlin-Neukélin. 

Stadtisches Fernheizwerk Neukdlln. 


Elektrische Heizung in der Schweiz. 


Die Kraftheizwerke in ee 
und Kiel. 

Die Anwendung der Elektrizitat zu 
Heizzwecken. 

Das stidtische Fernheizwerk Bar- 
men. 


Ein neues’ Fernheizwerk-Berlin- 


Zentrum, 


Errichtung von Fernheizwerken in 
Berlin. 


Eine zweite Stadteheizung in Bar- 
men. 


Das Fernheizwerk der 
Schwerin. 


Stadt 


Heizkraftwerk Leipzig-Nord. 


Die Stadteheizung. 


Die Fernheizanlage des deutschen 
Museums in Miinchen. © 

Wirtschaftlichkeit -amerikanischer 
Fernheizwerke. 

Staidteheizungen in Amerika. 
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Stadteheizwerk Charlottenburg. 
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Berliner Fernheizungen. 


Grundlagen der Stadteheizung. 


Aussentemperaturverlauf und 
giinstigste Kraftbelastung bei 
Fernheizwerken. 

Fernheizwerk fiir die Technische 
Hochschule Ziirich. 

Rohrleitungsquerschnitte der Fern- 
heizanlagen Kopenhagen und 
Aarhus. 

Fernheizung mit Kihlwasser von 
Dieselmotoren. 

Das Fernheizwerk einer Tuchstadt. 


Das  Hochdruck - Heizkraftwerk 
Dresden. 


Fernheizwerk Halle. 


Fernheizung in Paris. 


Betriebserfahrungen in einem russi- 
schen Hochdruck-Fernheizwerk. 

Offentliche Heizkraftwerke u. Elek- 
trizitatswirtschaft in Stadten. 

Fernheizkraftwerk der E.T.H. 
Ziirich. 


Stadteheizung. 


The Steam and Electric Power 
Plant of Imperial Chemical Jn- 
dustries, Ltd., at Billingham. 


Co-ordinating Steam Demands for 
Heating and Process with Gene- 
rated and Purchased Power. 

Forced Circulation Hot-Water 
Heating at Packard Plant. 
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‘its subject would be dealt with by others at about the same ti 


Company) increased the cost of electricity by 0-14 penny per 


H.R. Ayton . Thermal Electric Stations. (Address to &B 


~ neers.) Belfast, : 


A. Margolis . Experiences with District Heating Journal of the Ins 
i in Europe and U.S.A., and its tion of Heating 
Further Development. Ventilating Er 
neers, vol. 3 (19 5p 
: p. 361. 
Discussion. 


The AuTHOR, in showing a number of fantail illustrating 
his Paper, remarked that he had prepared it before he knew en 


The subject was evidently, therefore, of current interest, but ie 
hoped that he would be excused if there appeared to be some 
similarity between his and the other articles. 

About 8 years ago his firm had been responsible for installin; 
thermal-electric station in a large industrial factory in Scotland, and 
although the owners had not hitherto wished the results of th 
working of that plant to be published, he was now permitted to gi 
the following results, and to say that the scheme had been f 
to be most economical in operation, A total of 470 million po 
of steam per year was generated at 300 pounds per square in 
and 625° F. (at the turbines), and the pass-out process-steam W 
delivered at 84 pounds per square inch and 256° F. The total run 
cost for 11 million units of electricity sent out was 0-102 penny 
unit (including the cost of 21 per cent. of the total quantity of 
used), and the total running cost for process-heat (including 
cost of the remaining 79 per cent. of the coal used) was about | 
penny per therm. Capital charges and depreciation at a total 1 
of 13 per cent. on the present depreciated value (adopted by 


to a total of 0-242 penny per unit, and increased the cost of pro 
heat by 0:32 penny per therm to a total of 1-08 penny per tk 
The overall thermal efficiency was 69-4 per cent. a 

With regard to the proposed industrial town discussed in th 
Paper, it was of considerable importance, in planning such a t 


1 Appendix II. 
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to ensure as far as possible in its development the right proportion The Author. 
of the demand for high- and low-grade heat and for electricity so 
as to secure economical operation of the combined thermal-electric 
undertaking. The thermal-electric station shown in Fig. 6 would 
have an overall annual efficiency of 63 per cent. on the basis of the 
data given. The high-grade and low-grade heat-outputs given in 
Fig. 6 were stated in B.Th.U.’s per pound of steam passing through 
the heat-exchanger and condenser respectively. If heat- 
accumulators were found desirable, they would probably be con- 
nected to the outgoing water-mains, and their cost would not 
appreciably affect the balance-sheet. In Fig. 5 a large area was 
own for dwelling-houses. It was not proposed to distribute heat 
those houses from the hot-water system, as it was considered 
neconomical to do so. Multiple family dwellings near the power- 
ation would be supplied. 

Sir Murpoce MacDonatp remarked that two points in the Paper Sir Murdoch 
ad greatly impressed him. The importance of the Paper lay me 
primarily in the extraordinary saving of coal which might be effected 
“the schemes envisaged by the Author were generally adopted. 
eologists said that there was coal in Great Britain sufficient for 
‘bout 700 years at the present rate of consumption. That might 
pund a long time, but after all, it was only about ten lifetimes ; 
after that time had elapsed, it appeared that the coal on which the 
ower of Britain had been built up would be exhausted. Oil was at 
resent, he understood, used for the production of power only to 
he extent of about 5 to 10 per cent. of that produced from coal ; 
evertheless, a vast amount of oil was consumed in Britain, and it 
: vas not at all unlikely that a great part of that oil would one day 
be produced from British coal, which would in consequence be 
onsumed all the faster. From that point of view, therefore, any 
h suggestion as that which the Author had put forward should 
most highly commended. The suggestion itself was not new, 
it might be applied in Britain to a very much greater extent than 
as at present the case. It had been used in Russia, Germany 
nd the United States of America. All those countries had what 
night be called “ Continental” climates—extremely severe in winter 
ad very hot in summer—and therefore such a system would 
turally be introduced much sooner than in Britain, but he had 
n glad to note that a number of small private installations had 
ady been, introduced in Great Britain, and it was now possible 
+ private or public companies might attempt to develop the 
ystem. If it were adopted the competition between gas and 
tricity might be somewhat intensified, as it might be possible 
oduce electricity more cheaply than at present. 


Sir Murdoch 
MacDonald. 


4 
‘. 
" 
: Mr. Donaldson. 


B. 
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The second reason for his welcoming the Paper was that he wai 
glad to think that hot water for domestic heating could be 
available. For many years he had asked why that had not bees 
done, and he had always been told that it was not a commerciai 
possibility to pass hot water along the streets and into the houses 
oe was also a subsidiary advantage, namely, that if hot wate 


eid the pall of smoke from open fires which hung over cities ok 
as London and Birmingham would be largely obviated, the heal i 
of the community would be very greatly benefited, and the deleteri 
acids resulting from the smoke would be largely elimimated. H: 
understood that it was not yet commercially practicable to 
hot-water mains along the streets of existing towns, because ~ 
cutting up of the streets was too costly, although it could be d 
in the case of a new town such as that discussed in the Paper. 


that was done such tunnels could be used for hot-water pipes. 

Mr. J. M. Donaxpson suggested that the real crux of the Pape 
appeared on p. 393, where the Author stated frankly that the gre 
practical difficulty in operating a system of the kind in question wa: 
to secure a proper balance between the electrical and the therma: 
load. He was in entire agreement with that statement. It would 


stages. The first was the delivery of relatively higticcralll 
obtained from the exhaust steam of a high-pressure turbine. 
process was the same in principle as that used in nearly every mo 
turbine installation, namely, the heating by bled steam of the 
water; but the system advocated in the Paper was better, in 
nearly all the sensible heat obtained from that heat-exchange was 
made available for useful work, whereas in the ordinary turbine 
installation it might not be possible to get more than 30 per cent. 
That stage of the system dealt with what might be called pro 
steam ; in certain conditions.it was possible to make a reason 
balance between the heat required for process-work and the elect 
energy which could be used, but he thought that in the majo 
cases the correspondence was by no means good. The secon 
of the system, however, was subject to entirely different con 
and the climatic factor became important. In the eastern St 
of the United States of America, the winter was rigorous, its ad 
could be predicted to within a week or two, and the probable te 
ture could be estimated with fair accuracy. In England, on t 
other hand, winter weather was extremely erratic, which cause i 
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‘great difficulty in the practical utilization of the heat available ; Mr. Donaldson. 
he did not believe that difficulty could be dealt with by any system 
of thermal storage tanks, however inexpensive and efficient. He 
would illustrate the point by reference to the power required to 
Maintain a certain minimum temperature in his own greenhouse, 
‘which was not very large, and for the past 5 years had been electrically 
heated. At first he had kept the minimum temperature to 55° F., 
ut he found that that was rather expensive and produced too quick 
growth in certain plants, and he therefore reduced it to 45° F. 
‘That was about the temperature used in the Lea Valley nurseries. 
eter readings were taken every day throughout the year, with the 
xception of Sundays and holidays, so that he could tell exactly how 
ny units it took to maintain that minimum temperature of 45° F. 
r any period. The total consumptions for four successive years 


De ie ee ot 387 DON units 
i FS ee oa a 62504 25 
: ee OR ee aire ny i. 6,000, 5, 
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‘The difference between the years was not perhaps very notable ; 
‘the year 1934 was a warm year. The total consumptions for the 
‘month of December in each year were :— 

% Pope een eet Ree ee 00 units. 


fe 


1932. 6 ; : per LAM ee 
1933 : 5 : — S150", 
1934. ; : : : 366, 


the variations in that case were more striking, and the figures for 
ndividual days showed even greater variations. 
The Lea Valley nurseries extended over about 13 miles. It had 
een the custom, except in a few cases, to design their heating 
tems on the thermo-siphon principle, with a sunken stokehold. 
at was no longer the practice, because the underground stokeholds 
vere inconvenient, and pumps driven by electric motors were now 
d to circulate the water. The pressures in those heating systems, 
owever, were very small, and the pipes were of the drain-pipe type ; 
were the joints very tight. If it were possible to connect the 
ating systems of such a long range of nurseries to a generating 
tion, he thought that the pumping pressure would be such as to 
ke it impossible to keep the pipes tight. They worked at 180° F. ; 
get that temperature from the condenser it would be necessary to 
amp fairly fast, and he was afraid that the pumping losses would 
very high. It was for those reasons that he thought the proposal 
s not really practicable for glasshouse heating in England. He 


ene ete eee ee 


Mr. Donaldson. 


Mr. Dolby. 


too high a price for the steam; he thought the figure for the high 
grade steam should be about one-half of that indicated. | 
Mr. E. R. Dotsy remarked that the subject of the Paper had beer 
of the greatest interest to him throughout his career as a consultin 
engineer. In 1907 he had had the honour of reading a Paper! 0 . 
the heating of some large hospitals, for which he had been responsibles 
The electric supply was produced by private generating plant, al 
the exhaust-steam was used for heating water to warm the buildi 
and to provide hot water for domestic purposes. In 1921 he ng 
read another Paper ? on the use of exhaust steam. 
The Author alluded to satellite towns of 100,000 population, a: d 
had shown in Fig. 5 a scheme embodying circular roads ; he did not 
think that was as good as a rectangular plan. He had recently a 
responsible for the engineering work in connection with twe 
large schools which had been erected on the Becontree Estate 
the London County Council. The present population of that Estate 
was the astounding one of 115,000 people. He did not know whether 
the authorities had considered any system of district heating 
they certainly had not adopted one. 
Some twenty years ago he had brought forward a scheme of 
character in question in connection with the public baths for + 
Borough of Wandsworth. At the point where the river Wandk 
ran into the Thames there was a power-station of the County 
London Electric Supply Company, and a few hundred yards up the 
Wandle there was a large brewery. The public baths were opposite 
the brewery. He approached the three authorities concerned anc 
suggested to them that low-pressure steam should be conducted tc 
supply the brewery and the public baths. At about the same tin 
he had approached the Westminster Electric Supply Company a: 
asked them whether they could not supply exhaust-steam from th 
Keccleston Place station for the heating of St. George’s Baths in 
Buckingham Palace Road. He was sorry to say that neither of 
proposals had been accepted. 3 
In conclusion, he would like to point out that the syste a 
district-heating had initially been developed in the United Sta: 
In 1893 he had found in Chicago a district-heating scheme at 
which was fed from an electric-light station. Since that da 
great many towns in the United States had taken up district-hea 
and he thought it would be a suitable recognition of the work dc 


1 “Methods of Heating Adopted in Hospitals and Asylums Recently Built 
Minutes of Proceedings Inst. C.E., vol. clxxiv (1907), p. 91.° : 
2 «Exhaust Steam; its Employment for Power, Heating, etc.” Inst.' 
Engineering Conference (1921), Proceedings, Section III, p. 17. x 
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Dy Americans if it received some extra mention in the bibliography Mr. Dolby. 
piven in Appendix II. 

Mr. A. H. Barxer remarked that district-heating systems had Mr, Barker. 
progressed much more in countries where the temperatures were 

very much lower than they were in England, for reasons which were 

evident. In countries such as North America and Russia it would 

be impossible to live without central heating throughout a large 

part of the winter, so that the custom which could be obtained by 

he electricity authorities for their spare heat was necessarily very 

much greater in those countries than it was in England. Moreover, 

‘was unfortunately true that the average Englishman did not like 

mtral heating, and would not have it unless he was forced to do so ; 

district heating was therefore unlikely to make such progress in 
England as it had made abroad. 

There could be no doubt that the technical possibilities were great. 
, was easy to carry out such a scheme wherever conditions were 
litable ; it might not, however, be possible to make a profit out 
it. He had carefully studied a scheme for a new township similar 
general outline to that shown in Fag. 5 of the Paper, examining 
1e question, of cost as closely as possible, and he was convinced that 
h a system as that in question could not be applied to a township 
of the garden-city type with any hope of profitable operation ; if 
he might criticize some of the figures given in the Paper, he could 
show how impossible it was. He had found by experiment that 
about 11 million B.Th.U. per annum was the average amount of 
heat used by a man of the professional class, who did not restrict 
the amount of heat he bought because of its cost, whereas a man of 
the working class restricted his demand to about 3 million B.Th.U. 
per annum. The Author estimated the cost of distribution of the 
heat at £50,000. With five persons to a house, the new community 
discussed would have 20,000 houses. If the whole of the pipe-system 
cost only £50,000, then only £2 10s. per house was allowed for the 
cost of pipes to distribute the heat, and he did not think anyone 
v rho had ever had to get quotations for such work would imagine 
hat a house could be dealt with for £2 10s. ; his own estimate would 
eat least twenty timesthatsum. He did not know how the Author 
obtained that figure, but it seemed to him to be very widely 
ay. The Author had also made an estimate of working costs. 
he difficulty in that calculation was that the amount of electricity 
uired and the amount of heat required varied quite independently, 
hat it was necessary to make some provision, such as large and 
ensive water-containers, in order to balance the difference. 
Then it was considered that the average house could be equipped 
ith its own heating and hot-water supply system for from £80 to 
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£20 a year, it would be seen that a district-heating scheme involvir 
the payment of interest on millions of pounds would not pay, as 5 
householder would find that he could get his heat from his ow 
independent system for about a quarter of the amount that ui 
would have to pay if the supply undertaking were to make ang 
profit. A case might be made for the system if working costs wer: 
based on figures such as 12s. a ton for coal. He would like oh 
able to buy coal at that price, and no doubt others would als 
All the costs in the Paper appeared to be estimated on a very 
optimistic scale, but he thought that any system of the kind deseri 
would incur very heavy financial losses indeed if the propose 
charges of 0-22d. per unit and 2d. per therm were adopted. 
Mr. A. Fow.er observed that the Author stressed the applica’ 
of thermal-electric systems primarily from the point of view 
distributing heat, and did not attempt to solve the problem of t 
large power-station on the bank of a river which was using 25 - 
cent. of the calorific value of its coal to generate electricity and 
per cent. to heat up the river. He would have liked to see in t 
Paper some figures showing the economics of the stations refert 
to in the Appendix. The Author, to support his case, cited industi 
plants which were successfully and economically generating he; 
with electricity as a by-product. He himself did not think su 
stations supported the argument for a central station distributin; 
heat; the carpet manufacturer, for example, could probably say 
from hour to hour throughout the year what his heat-demand wot 
be, and would probably feel that he might just as well use generat 
plant to reduce the pressure of his steam as put in a reducing v 
and he would probably have a very large demand for heat and 
small demand for electricity. Would that be the case with a centra 
thermal-electric plant? It seemed to him that it was not th 
technician who could answer that question. The technical prob 
could be solved, as was shown by the Paper. In applying the sy: 
to an existing district it would be necessary to forecast exac 
what the heat-demand would be. The Author, however, dismiss 
the possibility of district-heating in existing towns because o 
cost of putting the mains in the roads, which was probably the 
view, and suggested that district heating should be inaugurat 
new towns. To attract people to a new district, however, it 
necessary to envisage a plant and to be able to state the pri 
heat and electricity supplied by that plant. A basis for the nece 
calculations had therefore to be found. Should it be assumed th 
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grade heat ? To the user of the heat, 1 million B.Th.U. was of equal Mr. Fowler. 
value whether the distribution-pressure was 200 or 10 pounds per 
square inch, but to the power-station engineer there was a big 
lifference in the costs of the two. It seemed to him, therefore, that 
he problem could only be solved by a man of skilled judgment who 
ould look at an area of land and say, “ There we will have a rubber 
actory, here a dye-works, there a man who uses heat all the year 
und, and here a man who will use it only in the winter.” 

The New York Steam Company’s station, which was primarily a 
jeat-distributing station, had now been established about 53 years, 
ut he believed that it was only during the last 13 years that the 
mpany had paid a dividend. The New York Steam Company 
istributed about 7,250,000 pounds of steam per hour at the peak 
of their demand, and their boiler-plant raised about 5,250,000 pounds 
ner hour, the balance being taken from the New York Edison Com- 
pany. Their maximum demand for heat occurred in the early 
morning, when the buildings were being warmed, but the maximum 
mand for power occurred in the evening, when the lighting load 
me on. It was true that the Company was now paying a dividend, 
+ of course in America there was an enormous demand for heat 
in the winter, because the mean average winter temperature was 
about 25° F., whereas the mean average temperature in England 
hroughout the seven winter months was 42:3° F. It was interesting 
note that the New York Steam Company sold 65 per cent. of 
eir steam for heating purposes only, the balance being used for 
staurants, heating washing water, and processing. Such a case 
as not comparable with that which the Author considered, because 
in England throughout the year the average proportion of steam 
ld for heat would not be as much as 65 per cent. Flats provided 
fairly good load, but the average occupant of a flat heated only 
e room during the day. Offices were better, because there nearly 
rery room was heated. However, it seemed that the problems 
rolved in establishing a thermal-electric system could only be 
ved by a man who could judge just what loads could be obtained. 
Mr. C. E. H. Verrry, referring to the heat-flow diagrams given Mr, Verity. 
Figs. 1 and 6, said that it would be of assistance if the Author 
= give the weights flowing in the various pipes, in addition to 
the heat-contents in B.Th.U. Fig. 1 might appear at first glance 
to be rather misleading, in that the total heat taken out in the two 
Bon and the high- and low-grade heat-exchangers was greater 
than that put in initially from the boiler ; that apparent discrepancy 
ose from the fact that the heat in the whole of the exhaust from 
1e high-pressure turbine was shown as being discharged both to 
‘ low-pressure turbine and the high-grade heat plant, whereas in 
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point of fact half of that heat would be discharged to each. — 
basis of the general terminal figures given in Figs. 1 and 6, | 
formance with high- and low-pressure turbines had been wor. ed o 

as shown in Fig. 7, the flow being shown on the right- n 


Fig. 7. 


S 1 pound of Steam 1200 
by * 
y pounds per square inch Gauge 
858° F, 1418 B.Th.U. per pound 


212-5 
pounds per 
square inch 


High Pressure 
Turbine Unit. 


ene 1-0 pound. 160 pounds 
BThU per square inch Gauge 
eer 1250 B.Th.U. per pound 
High Temperature _ 
05 pound] 05 pound Heat-Exchange! 
per pound. 
0-5 pound. : 
Low-Pressure Turbine 
~ (n=0-95) 
0-5 pound. : 
1-1 pound per square inch absolut 
(7-08) 976 B.Th.U. per pound. 
Low Temperature Heat- eS 
Exchanger 
34 eg fa 
) BTh.U ; ale 
2e, ,f A32° 


= ‘ 68 B.Th.U. per pound. 

Heat taken out :—160 + 431 + 130 + 432 =1,153 B.Th.U. 

Heat put in :— =1,430 B.Th.U. 

Overall efficiency :-—1,153 x 100/1,430 © = 80-7 per cent. 

Electrical output as percentage of total output :— 
(160 + 130) x 100/1,153 — =25-1 per cent. 


side and the steam-conditions on the left. It would be noticed tha 


on the basis of those figures the overall thermal efficiency wor 
at about 80 per cent., whereas the Author had quoted a fig 


Only 25 per cent. of the total output was represented by 
energy, so that the plant was largely a heating plant and on 


minor extent an electrical generating-plant. 


~ 
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_ The Author pointed out that with electric generation alone the Mr. Verity, 
highest attainable efficiency was 30 per cent., whereas with thermal- 
electric plants it might be from 60 to 70 per cent. That seemed to 
be a somewhat misleading statement, because a very large amount 
of the difference between those two figures was the result of using 
very low-grade heat at temperatures between 60°F. and 95°F., 
which was really an attempt to solve the old problem of eliminating 
he condenser-loss inherent to the steam cycle; most power-station 
authorities would be quite prepared to provide branches on their 
condenser circulating-water inlet- and outlet-mains for connection 
0 a low-temperature water-network, and would be prepared to 
reduce their condenser vacua somewhat in order to raise the tempera- 
ture of that water, provided that it could be shown that there was a 
demand for that type of heating which could be catered for at a 
sure commensurate with the additional capital cost and with the 
creased cost of electrical generation due to the reduced vacua. 


3 


The production of a high overall thermal efficiency by such means 
had very little significance unless it showed improved financial 
sults; it had yet to be shown that a demand existed or could be 
eated for large quantities of low-grade heat for which satisfactory 
nancial return could be obtained by large existing power-stations, 
ough that statement might not necessarily be true in the case of 
proposed stations to supply new and as yet unbuilt towns. 

_ The essential problem appeared to be that of balancing the thermal 
and electrical loads, and the thermal efficiency would vary directly 
th their ratio from, say, 25 or 30 per cent. for an all-electric load, 
70 or 80 per cent. with an all-thermal load. In Table I the Author 
noted the results obtained from four Russian thermal-electric 
plants, and it was significant that in the two plants which showed 
the highest efficiency (the first and the last in the Table) the electrical 
loads were only 8-0 and 6:3 per cent. respectively of the total load. 
Tt would be of interest if the Author could say whether those figures 
represented a fair proportion of industrial and domestic heating load 
to electric load for an average industrial community, whether it was 
possible that in the areas served by those two stations there was an 
abnormal amount of industrial plant requiring process-steam, or 
whether the areas were served by other electrical supplies. In the 
sxxample worked out on pp. 390-92, the Author considered about 
20 per cent. of the total output as electrical energy and 80 per cent. 
, heating. Could the Author also give typical summer and winter 
nily load-curves for any of the various plants to which reference 
made in the Paper? Finally, it would be of great interest if 
Author could indicate (a) the means taken for commercial 
etering of the high- or low-grade heat, (b) the percentage radiation 


Mr. Verity. 


Mr. Beuttell. 


case was 19 units per hundred flowers; for the dahlias 272 : 


or other losses in a network, and (c) the arrangements of recircula ti mn! 
pumps required and their power-consumption. 5 
Mr. A. W. Beurre.y remarked that he would like to raise a poir 

which was subsidiary, but might be of interest. He noticed i 
the Paper there was no reference to lighting for horticultural work 
Extensive experiments had been carried out in the United 8 ated 
of America on the effect of light upon plant growth in heated greeni 
houses during the winter.! It was initially assumed that the plant: 
would require an intensity of light comparable with daylight, but usefui 
results were found to be obtainable with much smaller illumination } 
having started with 100 foot-candles, the experimenters found tha 
certain flowers gave practically as good results with 1} foot-candles 
The Author of the Paper now under discussion had said that a serious 
argument against putting greenhouses next to industrial plant was: the 
deleterious effect of the dust, carbon dioxide and sulphurous me: 
if a considerable advantage could be obtained from the scientif 
application of light, it might offset the adverse effect of those facte 
The following figures would serve to show the results that had beer 
obtained. In the case of pansy plants, illuminated with 1} foott 
candles for 10 hours nightly for 83 days, the number of blooms wa 

8-3 times that of the control plants. Asters, with various illumina 
tions, all flowered a month earlier than the normal time, thus 
providing blooms out of season. A dahlia plant grew to almost 6 feet: 
in height and bloomed after 4 months, which was a month earli ok 
than the control; the flowers were 7} inches in diameter, and th 
tubers had a greater weight than those of the control plant, so 
the development was not obtained at their expense. The inci 
in flowers with a fairly high illumination was 669 per cent., 
increase in stem growth 177 per cent., and the decrease in flowe 
time 28 days. The heat was presumably the same throughout. 
and the different results were due only to variation in the light. bh 
the case of chrysanthemums the increase in the-number of flowers 
226 per cent. and in the stem length 86 per cent., while the dec 
in the flowering time was 33 days. The power employed in 


per hundred flowers were used. — 
He put forward that point, not because he suggested that it w 
add any considerable load to the station, but because it might 


1 R. B. Withrow, “The Response of Greenhouse Crops to Electri 
Supplementing Daylight.”” Trans. Illuminating Engineering Society, 
(1934), p. 65. y 
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disadvantages under which the associated greenhouses might be Mr, Beuttell. 
hought to operate. 

_ Mr. J.J.S. Kennepy said that he had had to deal with problems Mr. Kennedy. 
bt heat-transmission, and notably that of providing a factory with its 
requirements of power and of process and building heat. It was not 
sy to decide between such alternatives as (1) buying electricity for 
power and using boilers for heat; (2) bleeding turbo-generators ; 
3) using oil-engine-driven generators for power and their exhaust- 
gases for heat. The proper decision often depended on the ratio 
between the units of energy required for heat and for power. He 
would submit that the problem of supplying power and heat for a 
wn, so ably dealt with in the Paper, was really the same as that 
t a factory, only on a larger scale. 

Tn considering the Paper, it should be remembered that coal was 
e national and natural wealth of Britain. The industrial depres- 
on in Britain was coincident in time with lower mine-output, and 
ould end with the return to pre-war output by changed methods 
of using coal. The nation’s coal provided power, heat, and various 
able materials, and the nation should strive to get the most health 
happiness from every pound of it. The subject of the present 
er was essentially another method of using coal, so that it had 
be judged from the standpoint of national efficiency. The 
ry was that 58 or 60. per cent. of the energy in coal could 
e utilized for the heat and power requirements of a town, including 
homes, gardens and factories. If that scheme was right for one 
wn it was right for all, and he thought that the Paper, carried to 
logical conclusion, implied that if it were possible the whole 
opulation should be re-housed in towns such as that discussed. 

_ There was, however, another story; in 1926 Britain decided to 
ool her electric power resources, which was a correct and most 
uitful decision. The nation was now learning that it was far 
etter to distribute power and heat by wires instead of in railway 
ucks. That system, however, entailed using 30 per cent. of the 
rgy of coal for power and heat, and regretfully letting the remain- 
¢ 70 per cent. be wasted. 

From the national standpoint, several questions arose. Were 
se two conceptions mutually antagonistic, or were they both 
Could they be combined? In other words, ought all the 
super-power stations to be built adjoining model towns of the 
» which had been referred to, use being made of bled steam for 
ess-work and heating, and all the valuable materials being 
illed from the coal before it was burnt ? 

‘Mr. Attan Monxnovse remarked that the Paper foreshadowed mr. 
nportant developments which might easily occur in the general Monkhouse, 


~_ 


Mr. 


Monkhouse. 


’ exchangers of the heat-distributing system. 


in Table I, which had been discussed by a previous speaker, the 
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attitude of engineers regarding the more economic use of the nation 
coal reserves. The heat-distribution scheme advocated by th 
Author provided for industrial heating by means of hot wat 
at about 150 pounds per square inch pressure, and for the Ce 
of a large amount of the latent heat removed from the stean 
large power-stations by the circulating water by pumping that ve 
through glasshouses erected reasonably near the power aie 
instead of to the ordinary cooling-tower. The glasshouse heat: 
would only be a winter load, and would involve running the con 
densing sets on a low vacuum in extremely cold weather in orde aa 
allow the circulating water to attain a sufficiently high ena 
Domestic heating was apparently to be confined to heating a few 
buildings near the power-station. The Author apparently i. 
that the peculiarities of the somewhat mild British climate made i 
unprofitable to carry domestic heating mains into the ade 
districts far removed from the power-house. If that conception o 
the Author’s intention was correct—as he had reason to believe— 
he felt that some of the criticism which had been directed at th 
Paper might have been spared. Widespread domestic heatin N 
was not advocated, and it was suggested that hot water unde 
pressure—not steam—should be employed as a heating medium 
The use of high- pressure hot water as a heat-distributing mediu t 
was not yet common in Great Britain, but the success with wh 
that system had-been applied in Soviet Russia, and, to a growing 
extent, in Germany and Switzerland, led him to think that hot wat 
provided a heat-conveying medium which rendered profitable m 
heating propositions that might not have been justified if they 
utilized the older distributing medium. He felt that the failur 
certain steam-distributing systems in the past should not be advan 
in criticism of a system utilizing high-pressure hot water, particul: 
when that hot water was produced at a low cost—thanks to the 
of high-pressure turbines, which allowed a considerable amount « 
energy to be taken from the steam before it entered the h 


= 


With regard to the loads of the Russian power-stations mentioné 


was a purely domestic heating station with very little process-h 
and the fourth, which had the highest efficiency, 72 per cent., se 
a chemical and soap works where most of the heat was process-h 
It was strange that those two cases should represent extremes. 
One of the most interesting parts of the Paper was that des 
with horticultural heating. He thought that the suggestion 
circulating the cooling water through glasshouses presented 
most possibilities, but for supplying peak heating 1 in extremel 


. aa 


es 


>. 
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weather he imagined that it might pay better to add heat to the Mr 
irculating water by steam at 150 pounds per square inch, taken 
rom the intermediate-pressure line, rather than to reduce the vacuum 
50 low as to have circulating water leaving the condenser at 185° F., 
s had been done at the Packard motor works installation. 
PRefarence had been made to the effect of light on plants, and some 
interesting figures had been quoted by Mr. Beuttell. He himself had 
m some work on that question when he was visiting the U.S.A. 
it year, and the results obtainable with ordinary electric lamps 
re as astonishing as they were contradictory. By no means all 
ants responded to light, and some plants were actually retarded by 
excess of light. Perennial chrysanthemums were amongst the 
ter, and that fact was made use of in the U.S.A. when it was 
sired to hold back blooms for the Christmas market. Some very 
eresting and complete experiments had been carried out at 
irdue University by Messrs. R. B. Withrow and M. W. Richman,! 
vho found that highly beneficial results could be obtained with, in 
most cases, remarkably small intensities of illumination. The actual 


ighting load resulting from the irradiation of plants in glasshouses 
vould not be large, but without doubt any extensive and up-to-date 

heme employing bottom-heat in the way advocated by the Author 

uld also include facilities for plant-irradiation with light from 

inary incandescent lamps in special reflectors. ' 

*, Mr. Henry R. Ayton observed that Great Britain could not Mr. Ayton. 
ford to ignore the subject under discussion if she were to maintain 
position as a manufacturing nation. The various branches of 

neering seemed to have become too specialized, and there was 

k of co-operation between them, which perhaps accounted for the 

ness of adoption of the system discussed. Electric supply was 

Imost entirely in the hands of specialists, who viewed it primarily 

m the standpoint of efficiency, spending thousands of pounds to 

in small increases of efficiency, and entirely ignoring the fact 

in an industrial area (particularly one devoted to textiles) a 
m-supply was as important as a power-supply. Until supply- 
mmpanies offered both services they could not hope to get that large 
adustrial load, as private power-plants, properly designed for 

ing the heat in the steam, could produce power at a lower 

than the supply-companies. In America the big utility- 


Monk forse! 


a R. B. Withrow, “Plant Forcing with Electric Lights.” Circular 206, 
artment of Horticulture, Purdue University. (October, 1934.) 
This and the priemee die contributions were submitted in writing.— 


Mr. Ayton. 
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companies usually controlled electric, gas and steam services, ar 
therefore, took a broad view and put proper values on each. Whi 
their initial development had been mainly in connection with heating 
they now appreciated that the industrial demand for steam ever 
day in the year was their greatest opportunity, and were now caterin 
for it. Incidentally, the great development in air-conditioning a 
refrigeration was producing an ever-increasing demand for steam 
during the summer, which tended to counteract the lack of heatir 
demand. ‘, 

The Author, discussing an ideal industrial town, inferred that t 
cost of applying the thermal-electric system to existing Hnglis 
towns would render it uneconomical. There were, however, mam 
manufacturing districts which were some distance away from th 
centres of the towns, and were usually surrounded by worker 
houses. In such cases the system could be applied at a reasonab 
cost. He had been to America primarily in order to study the 
question of the cost of distribution, and had found America: 
authorities to be quite satisfied that it paid them to run steam m 
in all parts of the cities. They argued that if there were a de: mann 
for water or gas in the centre of a city mains would have to F 
installed to supply it ; why should not steam be treated in the sam 
manner? With regard to the cost of disturbing existing services 
he thought that if the money spent each year in opening up roac 
and streets to make connections to them, and the loss of business 
were capitalized, the cost of a proper tunnel-system would be four 
relatively insignificant. : | 

In a modern condensing power-station the steam-consumptio, 
was about 9 pounds per kilowatt generated; while 9 pounds: 
steam contained about 9,900 B.Th.U., a unit of electricity onl 
contained 3,412 B.Th.U. It was, therefore, absurd to attempt t 
supply electric heating in competition with steam-heating, and a: 
engineer had recently stated that electricity used for occasions 
heating should be priced at 4 pence per unit (in New York it wa 
priced at 2$ pence). It was almost a paradox that only whe 
generated in a thermal-electric station could electricity co 
with steam for heating; in such a station about 4,000 B. 
would be required to generate a unit, which would contain 3,41 
B.Th.U. = 


‘7 


reception from the electric supply authorities than his own 1 had de 
in Belfast, but he was convinced that sooner or later they would | 
forced to adopt the system in certain industrial areas. : 


1 See Appendix IT. 


gap Aa 
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_ Mr. T. B. Maxwet1, referring to the statistics given (p. 400) in Mr, Maxwell. 
connection with the thermal-electric station installed 8 years ago in 
a large industrial factory in Scotland, stated that, as the engineer 
responsible for its operation, he would like to confirm them. The 
overall thermal efficiency of 69-4 per cent. might seem to be too 
high to be attainable, and not likely to be reliable, but the conditions 
obtaining in the industry which the plant served were very suitable 
in respect of the ratio of power to heating load. Very great care 
was exercised to make certain that all records were as accurate as 
possible, a very full equipment of steam and water meters being 
nstalled. Not only were the feed-water to boilers and the steam- 
flow at important points carefully metered, but, in addition, the 
condensate from the condensers and the return condensate from the 
factories were measured, so that a double check was possible on all 
quantities. It was doubtful whether an ordinary industrial plant 
yuld ever attain a much higher thermal efficiency, but it would be 
teresting to have statistics of other such plants now running. 
When the installation of the above plant was being discussed the 
uestion of using part of the heat in the flue-gases (which had an 
rerage temperature at the chimney-base of 325° F.) for the heating 
‘air for drying and stoving was seriously considered. Had a site 
n available for the station nearer to the buildings requiring that 
pply, very possibly about half of the heat in the chimney-gases 
ld have been used, with a still further increase of the overall 
ficiency by from 3 to4 percent. That would have been particularly 
vantageous during week-ends when low-pressure pass-out steam 
as not available. The Author had suggested that the heat in the 
ndensing water could be utilized as a further aid to thermal 
iency, but unfortunately the type of load suggested could not 
sry often be obtained in the neighbourhood of existing factories. 
‘At the thermal-electric station referred to, the process-steam at 
| pounds per square inch at 256° F. was conveyed to points as far 
,250 feet from the turbines, and the efficiency of the pipe-lagging 
as such that there was no appreciable pressure-drop, the amount of 
sndensation being very small indeed. 

Colonel R. K. Morcom observed that it could not be too often Colonel 
" phasized that the thermal efficiency of a well-balanced combined rae 
ower and heating system could be as high as 70 per cent., because 
had been fashionable in some quarters to smother that fact. 
nder present conditions the tendency to follow the line of least 
esistance in power-development was dangerous. To centralize 
sneration in ever larger and larger groupings was a simple pro- 
samme for purposes of propaganda, but it was not essentially 
cht, The provision of exhaust heat or the utilization of surplus 


Colonel 
Morcom. 


Captain 
Mullard. 


Mr. Partridge. 


416 DISCUSSION ON INDUSTRIAL, AGRICULTURAL, AND DOMESTI' 


power seemed to the “simplicity enthusiasts ? to be tires on 
elaborations. They would raise every possible objection, but nony 
of them was insurmountable. Steam-accumulators could be used 
to correct irregularities of demand, special switchgear could Di 
devised to prevent any disturbance of phase, and so forth. - 
problem had been solved by many industrial works with rea 
benefit to themselves. The provision of similar benefits to those les: 
favourably situated was well worth consideration, and in th: 
development new opportunities of stopping the present spendthri 
thermal policy would arise. Many years ago he had suggested tha: 
a thousand acres of steam-heated glasshouses near each pow rr 
house would do much to help the balance of trade by cutting dows 
the import of vegetable produce. All the possibilities could only 
be determined by practical experiment. The Author’s emphasis on 
the importance of utilizing more than twice as much of the available 
heat in the coal burned was so well justified that, if the presen 
system of centralization was unable to effect that improvement, i 
was time to give serious thought to decentralization. 
Captain 8. R. Muniarp observed that the subject of horticultw 
heating, to which reference was made on p. 384, was worthy of fur she: 
investigation; in his opinion any thermal-electric scheme whicl: 
was started in England should provide for soil-heating. Rec 
experiments had shown that in districts where the winter daylig 
was of short duration, namely, the Midlands and the North, t 
benefit obtained by soil-heating was less than that obtainable | 
the Southern counties. The daylight, however, could be augments 
by the use of low-intensity irradiation, as had been shown by # 
work of Dr. Withrow in America, to which reference was mad 
Mr. Beuttell; he was able to confirm that work by his own results 
similar experiments on various crops. In any calculation of t 
financial results it should be remembered that for most crops 
heating was only required for a period of 10 to 12 weeks in the 
and that the capital and depreciation charges for soil-heating 
hot-water pipes were higher than for the usual installation for 
heating in greenhouses. One method of allowing for that increg 
cost might be to make an annual charge which would represent 
portion of the value of the increased crops obtained from the instal 
tion of soil-heating and irradiation. 
Mr. H. E. Parrripee thanked the Author for having again dra 
attention to the serious limiting features of electrical generatio 
coal through steam. For some years past there had been a grow 
regard for coal supplies in Britain, and some had ventured 
opinion that the burning of raw coal would soon become a cri 
offence. If the burning of raw coal were to be considered a cr Y 
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how much more criminal was the burning to waste of 70 per cent. of Mr. Partridge. 
t! If attention could be riveted to the use of all the intrinsic 
values of coal, whilst at the same time insisting on its efficient 
hermal utilization, real progress would be made. 
_ The national grid for electricity supply was no more essential to 
many industries than a thermal supply, and the development of the 
small pass-out turbine had enabled economic results to be obtained 
by industrialists which were the despair or the envy of those 
responsible for the grid costs. The Author had rightly been con- 
servative in presenting his figures of capital and operating costs, and 
Mr. Partridge was acquainted with many industrial plants whose 
results would justify even greater optimism than that expressed in 
the Paper. He did not overlook the fact that a fuller development 
of the scheme to embrace domestic requirements would materially 
affect the load-factor, but, even so, he considered that still further 
economies could be, obtained. Load-factor, having the three 
riants, electrical energy, process-steam, and hot water, was not a 
simple problem, and he was of the opinion that the best results would 
be obtained by the use of accumulators working in combination with 
ing initial boiler-pressures. The Author in Fig. 3 showed the 
ork-value of 10,000 pounds of steam under varying conditions ; 
the turbine-builder would design his machine essentially as a 
mtrollable reducing valve capable of operating through a range of 
let-pressure and temperature limits of about 4 to 1, with pass-out 
eam-conditions variable from say one-half of the inlet steam- — 
ndition to full vacuum, then it seemed to become quite a simple 
atter to meet all load-variations. 
_ He did not expect that the existing electricity-supply authorities 
woul move along the lines indicated by the Author, but, so long as 
\dustrialists continued to be willing to incur heavy capital 
<penditure to obtain results which gave from 25 to 40 per cent. 
nnual return through their power bill, the case could not be ignored, 
sspecially as each new installation was the cancellation of a potential 
id customer. 
Dr. E. G. Rrrcute observed that the subject of the Paper repre- Dr. Ritchie. 
ted perhaps the only possibility of making a further substantial 
duction in the cost of generating electrical energy in public supply- 
ions. So far as the supply of low-grade heat for horticultural 
purposes was concerned, the problem was comparatively straight- 
rward, as the heat-demand for hothouse cultivation was reasonably 
eady and periods of heavy demand could be anticipated. The 
upply of high-grade heat to industrial plants was, however, an 
ntirely different matter, as the demand might vary as much as 
per cent. above and below the average, with peaks whose 


Dr. Ritchie. 


magnitude varied from hour to hour and from day to day. Th 
Author suggested that the high-grade heat should be distribute 
as sensible heat in a fluid, for example, water; in the majority c 
industrial plants, however, only a certain proportion of the totd 
heat-demand could be met in that manner, the remainder having t 
be met at a temperature considerably in excess of any that woul 
appear to be practicable by the use of that method. In dyewo; rks 
laundries, and breweries, for example, much of the total heat requires 
could be supplied by means of hot water at about 180° F. withour 
modification to existing plant. That would admirably suit tl 
proposed system. In addition, however, a certain quantity of he 
was required at a temperature of about 360° F. It would appear t4 
be difficult to meet that high-temperature heat-demand with thi 
proposed system, without involving the entire re-design of thi 
manufacturing plant. The use of water under pressure and a% 
high temperature for the distribution of heat throughout a work 
was being developed, but there were many of the more importan 
industries in which conversion to the use of hot water for heat; 
distribution would be very costly, or altogether impossible. - 
were practicable to distribute pass-out steam at a pressure of about 
250 pounds per square inch to the various industrial plants in the 
area of supply, that would provide an acceptable means of liz ing 
up the central power-station with the industrial consumers of heat: 
involving little or no modification to existing plant. There was 
however, the difficulty that the steam could not all be recoverec 
as condensate, so that the amount of make-up feed-water requi 
in the power-station might be prohibitive. f 
Whichever method were adopted for the distribution of high-grade 
heat, it was obvious that thermal storage equipment would play ar 
important part in the ultimate solution of the problem. | All peak 
load demands for heat could be entirely suppressed in the maj 
of industrial plants by the installation of steam accumulato: 
hot-water storage at each centre of demand, while the distribu 
system would only need to be designed to suit the average dem 
So far as the power-station itself was concerned, there was no dou 
that the installation of steam accumulators or feed-w: 
accumulators of conventional type would prove of very great v 
as the possibility of supplying both heat and electrical ener; 
industrial plants at the lowest possible cost depended to a con 
able extent upon improving the load-factor in the boiler-h 
Such accumulators had been applied with notable success to ma 
power-stations throughout the world. Tar . 
The Author suggested that, although thermal storage 
represented the correct physical solution of the problem, its 
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tations depended to a considerable extent upon the conditions 
pbtaining, but under certain circumstances, and particularly in 
tations of relatively low load-factor and of the capacity considered 
n the Paper, the capital cost of thermal storage equipment might be 
onsiderably lower than the cost of the boiler-plant it displaced. 
Actually, in a typical case favourable to the installation of steam 
ccumulators, the storage battery would cost between £4 and £4 10s. 
per kilowatt completely erected. That was less than the cost of 
uivalent boiler-capacity, apart from which the installation of the 
uccumulator would effect considerable economies in the operation 
f the station by improvement in the boiler-house load-factor. 
feed-water storage also presented important economic advantages 
here the conditions were suitable for its use. 

The capital cost of installing thermal storage equipment in the 
ndividual manufacturing units of a group, such as was contemplated 
in the Paper, would depend upon the magnitude of the peak loads ; 
the majority of cases, however, the capital cost would be amply 
tified as a means of suppressing the peak-load demands for heat 
id as a means also of obtaining accurate temperature-control. 
[he advantage of thermal storage equipment in that connection had 
been well established in a wide variety of industrial plants. 

In the Paper it was indicated that the charge for high-grade heat 
ould be approximately 2d. per therm. That was higher than the 
tal cost of generating steam in a modern industrial boiler-plant, 
ad, if the system proposed were to compete with the privately- 
ned boiler-plant, it would appear that the cost per therm would 
ave to be considerably reduced. If it were practicable to distribute 
ectrical energy at an average price of 0-22d. per unit, as suggested 
1 the Paper, that would permit of the wider use of the ofi-peak 
electric boiler, using thermal storage for remote heating and in 
certain of the lesser industries, so that the load-factor on the 
generating station would be still further improved. 

_ Mr. Grorce Watson observed that there were several instances Mr, Watson. 
which steam was sold for process-work, bringing in a handsome 
venue, but that such opportunities were at present very rare. Ifa 
90d market for surplus heat could be found, it would be of enormous 
dvantage to refuse-disposal undertakings, as well as to electricity- 
snerating stations. The various uses suggested by the Author were 
tfectly sound in theory, but unfortunately, as he pointed out, 
sat for horticultural purposes or for domestic and factory heating 
required for only about 6 months of the year, and therefore any 
od scheme to utilize steam for process-work all the year round 
‘ould be far better. If the heat were sold to horticulturists some 


vas relatively high. The cost of thermal storage plant for power- Dr. Ritchie. 
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Mr, Watson. kind of standby would be necessary, as any possible failure on or 
frosty night might result in a claim for heavy damages. Bath 
washhouses, and laundries would appear to afford an all-the-yeap 
: round market, but unfortunately it was rather a limited one. Th 
fact that the over-all efficiency of a thermal-electric station might k 

| double that of a plant for electrical generation only showed th 
immense importance of finding a good outlet for the heat. 

installations referred to in Russia were, of course, working undd 

far more favourable conditions than those prevailing in milded 

climates. 4 

Mr, White. Mr. Bruce G. WuiTE observed that the Paper emphasized thi 
necessity for proper planning. In Great Britain, with the exceptiog 
of some large undertakings, planning was lamentably deficient, ang 
particularly in regard to engineering. He thought that the abs nc 
of planning in connection with the subject under discussion migh 
be attributed mainly to the abundance of low-priced coal in Britain 

and also in some measure to the national characteristic c 

individualism, which resulted in the power policies of works bein 

entrusted to the Works Engineers who, excellent though some c 

them were, might not bring to the subject as broad a mind as wai 

desirable. He had in mind one or two small examples of lack c: 
planning, such as the Author would hope to overcome. The firs 
concerned a factory with a heavy demand for processing steam fo’ 
agricultural work, the demand arising in a few months of the yea 
only. It was proposed to establish another agricultural factor’ 
within a short distance of the first, and with a steam load in a diffe: en 
period of the year from that of the factory already establishec 
~The two fagtories were under separate management, but there 
nevertheless an opportunity for planning the steam load and 
the electrical load of the two factories and of any further facto: 
2 which might be erected, so that ideal load-conditions could hay 
been achieved. Another case, of a small nature, concerned a sewage 
disposal works equipped with steam boilers for operating the pumy 
the engines exhausting to atmosphere. A nursery garden had bee 
established alongside the sewage-disposal works, some of its glass 
= houses being within 100 feet of the boiler-house of the sewage 
disposal works, but being heated throughout the winter with 
from coke-fired boilers. Under similar conditions on the Continer 
the exhaust-steam from the pumping-station would doubtless k 
utilized in connection with the heating of the glasshouses. _ 

He was greatly interested by the Author’s proposal that som 
system such as that which he described should be utilized in pla 
new areas. In his view some of the difficulties experienced 
Great Britain were due to the segregation of the agricultura ar 
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dustrial areas, leading to undesirable migration of workers from Mr, White. 
ial to urban districts. He thought that it should be recognized 
at the facilities for employment in any area should be such as would 
ovide heavy and light manual labour and outdoor and indoor work 
both male and female operators, and thus meet the various 
aspirations of the members of families and communities. Planning 
such as that proposed by the Author should help to attain that end, 
it would enable the various classes of industry, agricultural and 
anufacturing, to thrive alongside each other. He hoped that the 
inciple would receive serious consideration when steps were taken 
‘populate some of the areas which were now becoming deserted. 
Although he realized that the details in the Paper were only put 
ard by way of illustration of the principle, he felt that he might 
w attention to one point with regard to the typical plan shown 
ig. 5. In any planning ahead, communication and distribution 
n railway centres should play an important part, but the railway- 
ion shown on that plan was about 3 miles from some of the 
dential areas. He felt that, whilst the layout might be 
factory for illustrating the principle outlined by the Author, 
as certainly not so in regard to railway communication ; it was 
] that planning should be complete in respect of all services. 
‘The AutuHor, in reply, observed that three speakers had referred The Author. 
he fact that the heating of dwelling-houses might be expensive 
uneconomical. He agreed, and he had pointed out in describing 
layout of the new industrial town, that the dwelling-houses 
ning a large part of the area were not to be supplied with heat 
the form of hot water) from the power-station, but that only a 
large multiple family dwellings would be so supplied, provided 
they were near to the power-station. He admitted the 
ssibility of the provision of such heat to dwelling-houses, but in 
opinion the practice would not necessarily be found economically 
Je when considering new schemes. Mr. Barker had criticized 
he cost of the hot-water distributing system by reducing it to the 
yst per service for each separate dwelling-house, and the above 
temarks would show that he was possibly misled in arriving at his 
conclusions. The Author regretted that he could not at present 
e the ideal conditions referred to by Sir Murdoch MacDonald, 
Mr. Monkhouse in his remarks had partly answered those 
stions. It should be borne in mind that a combined thermal- 
ectric station might be able economically to supply electricity for 
ating purposes in place of hot water for dwelling-houses, as 
seested by Mr. Ayton, especially in the daytime and/or with the 
plication of thermal storage in the individual houses. 
The cost, especially of high-grade heat given by the Author in 


Sg 


The Author. 


the three commodities gave the necessary return on the capital an 


considered that the variation in demand for greenhouse he 


maintain the correct economic ratio of the three comme 
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his example and balance-sheet, had been criticized by two speaker 
Mr. Donaldson stating that the figure should be one-half of thi 
given and Dr. Ritchie stating that the cost quoted was higher tha 
the cost of individual generation. The Author had estimated tl 
figure given of 2d. per therm as being a little lower than the ave 

cost of individual generation, but he pointed out in the Paper th 
the price of high- and low-grade heat and of electricity could J 
varied to suit the local conditions, provided that the total price — 


working costs. In any thermal-electric undertaking it shoul 
possible to arrange competitive prices for high- and low-grade hee 
It would even be possible to halve the cost of high-grade hea 
provided the cost of electricity and/or low-grade heat could 
raised in proportion to give the same total revenue. It should 
borne in mind that the price of electricity quoted was exceedin, 
low, and even so brought in nearly half of the total revenue. 
price was lower than was usual, so that it could be increased | 
necessary and so allow the price of high-grade heat to be reduced | 
proportion. Mr. Barker’s pessimistic outlook on the financi 
possibilities of the example quoted by the Author was not justifi 
provided that every precaution was taken in the design and arrangy 
ment of the scheme, and in the choice of suitable industries. 

Mr. Donaldson referred to the difficulty of supplying low-graa 
heat to greenhouses on account of the head-losses in the pipes. 0 
the cost of pumping. That criticism, however, appeared to ap 
only to existing greenhouses, and the system envisaged by the A 
was one in which a complete new system of greenhouses with 
would be installed, so that the sizes of the pipes in relation to- 
heat-requirements could be dealt with de novo. Mr. Dona 


England was so great that the use of low-grade heat coul 


available from a combined thermal-electric station. He thougl 
however, that Mr. Donaldson had probably overlooked the 
that all the heat required in the greenhouses, of which Mr. Dona 
himself gave an example, would be paid for to the extent (i 
balance-sheet) of the heat required for the nights only during 
4 months in the year, and that at other times when no hea: 
required the generation of electricity by the low-pressure turbit 
would be obtained at a low consumption of steam and at a ¢ 
comparable to that of straight electrical generation. | 
Many speakers referred to the importance of obtaining the ec 
ratio of high- and low-grade heat and electricity in order ¢ 
any thermal-electric station and its distribution system a fin 


ia 


ine 
= - HEATING, WITH ELECTRICITY AS A BY-PRODUCT. 423 


+z 

lecess. He had discussed that point more than once in his Paper The Author, 
nd indicated methods for dealing with it. Dr. Ritchie had enlarged 
_the use of thermal storage and on its cost, but the Author 
juld like to emphasize again the desirability in any scheme of 
rmal-electric distribution in new industrial centres of entering 
nto reciprocal agreements with existing electricity-supply authorities 
n the area, by which the thermal-electric station could supply the 
uthorities with surplus electricity in the winter and could buy their 
tplus electricity in the summer. In that way he felt that there 
d be no injury to the supply undertakings, but rather that their 

factors would be improved to their advantage. Referring to 
a Partridge’s remarks, the Author’s views on the necessity for the 
tional grid remained unchanged, as the grid system was required 
rovide the maximum economy in the generation of electricity 
oughout the country. 
In regard to some remarks by Mr. Fowler, he wished to state that 
\developing any new industrial urban centre such as that exemplified 
a the Paper it would be of the greatest importance to select and 
urage the building of factories and/or horticultural enterprises of 

kind and with such requirements that they would assure a 
easonably economic ratio of the heat and electricity supplies under 
age conditions of operation. Variations in load-factor could 
be dealt with by the methods referred to in the Paper. 
. Dolby wanted the ideal industrial town to be rectangular 
ead of circular, and Mr. Bruce White criticized the position of 
access to and from the railway-station. Those, however, were 
ers for the town-planning experts. 
ith regard to the absence of American examples of thermal- 
ric plants in Appendix II, they had been so fully described in 
Ayton’s recent address in Belfast that they hardly needed 

rther reference. : 
‘M:. Verity raised a number of detailed questions in regard to 
D .land6. ‘Those diagrams were not intended to show quantities, 
t to give a simple picture of the systems usually employed. 
5 an annual thermal efficiency of over 60 per cent. was obtainable 
ndustrial plants, the Author did not agree that the efficiency 
ted in the Paper for an ideal industrial town under the conditions 
ed was misleading. His intentions were to show for such a 
Scheme reasonable financial results. The question raised about 
e figures in Table I had been answered by Mr. Monkhouse. 
The questions of heat-metering, of radiation and other losses, and 
all matters dealing with heat-distribution were purposely omitted 
om the Paper as being outside its scope. Some notes on those 
ints which were the results of practical industrial experience had = 4 


The Author. 
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been given by Mr. Maxwell. Allowances for meters, for heat-losss 
and for pumping were made in the working costs given in the P: 

He was very much indebted to Mr. Beuttell, to Mr. Monkhous 
to Capt. Mullard for the particulars they gave of horticultun 
heating and of the application of artificial light. Any lighting f. 
such alts formed an additional advantage to the combina 
station, and was very welcome. 

The interesting remarks by Colonei Morcom were most rit ar 
and the Author wished that the suggestion of placing 1,000 
of glasshouses alongside a power-station had been tried. The 
were still possibilities for that proposal in the near future 
co-operation between the supply-authorities and the horticulturist 

He wished to thank Mr. Ayton and Mr. Maxwell for their rema 
but thought that Mr. Ayton was a little over-sanguine in suggesti 
that existing towns could be supplied with heat and electricity fr 
a combined station. He did not think that it could be do 
economically at the present time. 

He appreciated the understanding of the general problem 
applying combined thermal-electric stations to new industr 
centres shown by Mr. Bruce White in his communication, © 
pointed out the advantage of combining agriculture with industt 
in new self-contained areas. He would like to add that such a schem 
should produce economic results and cheaper living, whilst also , 
should reduce excessive transport. 


+ 
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| ORDINARY MEETING. 
i 17 December, 1935. 
Mr. JOHN DUNCAN WATSON, President, in the Chair. 


_ The Prustpent proposed the following resolution :— 
a “That the Members of The Institution desire to record the 
deep regret with which they have learned of the death 
of Sir Richard Tetley Glazebrook, K.C.B., K.C.V.0., M.A., 
D.Sc., F.R.S., whom they elected as an Honorary Member 
in March, 1923, in recognition of the great services 
a rendered by him to the engineering profession and to 
3 the nation at large during his Directorship of the National 
Physical Laboratory. : 
“They also desire to express their sincere sympathy with the 
members of his family in their bereavement.” A 


- The following Paper was submitted for discussion, and, on the 
motion of the President, the thanks of The Institution were accorded 
to the Author. ° 


a 


' 
oo. & 


496 MORUM ON THE TREATMENT OF 


Paper No. 4977. 


“The Treatment of Mud-Runs in Bolivia.” 


By SrepHen Witi1am Francis Morvum, B.Sc. (Eng.), 
Assoc. M. Inst. C.E. 


“s 


TABLE OF CONTENTS. 


Introduction . . . Ne A a ee a Ee OY |, 
Description of mud-runs. sued) gead +. daw eas i, 
The effect on location 
The economics of treatment. 
Methods of treatment 
Design of cross walls . 
Design of earthen dams . 
Design of deviation- peanacls 
Examples . 

Conclusion. 

Appendixes 


INTRODUCTION. 


THE object of this Paper is to place on record some notes regarding 
the treatment of mud-runs, and to outline the methods which have 
been used in order to overcome interruptions to the service of 
trains on the Bolivia Railway. The Paper deals mainly with 
work on the branch line connecting Oruro and Cochabamba, 
which, owing to its location and to the physical features of 
the countryside, is the worst line for mud-runs in Bolivia. It was 
located by engineers who, unfortunately, had had no experience of — 
Bolivian mud-runs, and who thus followed the usual method, and 
located the line in convenient river-valleys. While they allowed 
ample outlets for any water which might be brought down by the 
side valleys, which are really ravines less than 4 kilometres long, they 
did not allow for much detritus being brought down at the sa: 
time. Consequently, when much solid matter was carried d 
the mass of detritus and water blocked up the openings and 
flowed the track, causing an interruption in the train-serv 
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_ Once the line was built, however, it was too late to remedy the 
defect except in one or two isolated cases, where counter grades 
were put in or the existing grade was forced in order to allow sufficient 
head-room under the bridges. 

_ Another reason why a good location was not obtained was the 
- fact that the mud-runs have periods of quiescence when they do 
__ not bring down detritus, and the locating engineers, after experiencing 
a few small runs in the top section of the line, passed through the 
__ section from kilometres 115 to 150 at too low a grade level. 

3 _ In this respect it is interesting to compare this branch with the 
unfinished Potosi-Sucre line, which was located by the Bolivian 
_ Government engineers a few years after the construction of the 
_ Cochabamba line by the Antofagasta (Chili) and Bolivia Railway 
Company. In this case the engineers located the line in hillside 
cuts in order to avoid the mud-runs, the cuttings being probably 
‘some of the heaviest in the world for this class of line. Unfor- 
‘tunately, owing to the loose formation of the countryside, these 
cuttings have caused exceptionally heavy landslides, and tremendous 
difficulties have been placed in the way of finishing the line. The 
idea in locating the line in hillside cuts was to lower the con- 
 structional costs of bridges and tunnels, by crossing the mud-run 
ravines high up on the hillsides where they were small and com- 
_ paratively harmless; they were then to be deviated from their 
courses and made to cross the line in open culverts. In this case, 
too, the engineers, while they had seen the results of the location 
of the Cochabamba branch, had had no experience in the actual 
treatment of mud-runs, and they did not give the deviations 
' sufficient grade; the result was that they became choked, the 
_ deviating walls were broken down, and the ravines returned to 
their original courses, causing considerable damage. 

While the Author does not claim that the methods used are 
unique, he thinks that the following description may be of interest 
_ to others. : 


Description oF Mup-Runs. 


A mud-run, which may occur in any of the mountain ravines, 
is aptly described in Bolivian Spanish as Mazamorra (porridge), 
as it is composed of a mass of detritus and water, with the con- 
‘sistency of porridge. This mixture varies with the nature of the 
‘soil over which the stream has passed, and may, for the purposes of 
consideration, be broadly divided into three sub-divisions : 

(a) Shale debris in small particles. 
(6) Liquid mud (clay) in the form of ooze. 
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(c) Mud and stones with water. The stones carried may have © 
as large a volume as from 4 to 6 cubic metres in the 
case of bad runs. 

The runs are, however, frequently a combination of one or more — 
of these types, and no sharp definition of a run is possible. 

The runs are brought into being by reason of the comparative — 
newness of the geological formation of the country, the severe 
contortions through which the strata have passed which have — 
broken many of them up, and the torrential rains to which the 
country is subjected. These factors combine to cause frequent — 
landslides in the ravines, and the torrential streams which occur in 
these ravines during and after a storm carry the loose material away, _ 
both in suspension and by rolling ; this mass of detritus and water 
forms the mud-run. 

The causes of these runs may thus be summarized as follows : 

(i) The weathering of the shale rock. 

(ii) Springs saturating the valley sides and causing the material _ 
to lose its angle of repose, and thus to slip down. g 

(iii) The stream undercutting its banks and thus bringing down 
slides, which are the foci of the mud-runs. : 

(iv) A large slide coming into the side of the main valley, } 
blocking the ravine and restraining the stream, which — 
eventually saturates the loose material and bursts 
through the obstruction, carrying everything before it _ 
like an avalanche. This latter is by far the worst kind 
of run, and when it occurs considerable damage is 
invariably the result. 

The mass of detritus and water formed by the above causes 


> 
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the mountainous nature of the countryside, is often very narrow. — 
a When the run reaches the valley, the speed of flow is checked, and 
the mass begins to deposit the solid matter. The deposit usually 
occurs near the mouth of the side ravine, but it may, if the rainfall — 
is insufficient, occur higher up the ravine. If a dry season does — 
not occur, during which the deposit will, if not of type “a”, con- 
solidate into a mass harder than the original soil, the run will then _ 
be brought down by the next heavy rain. : ; 

If the flow of the main river is insufficient to carry the mass 
away, the alluvial cone thus formed will be pushed out into the ~ 
main river, and the bed of the ravine will rise until it bursts its 
banks in the cone and finds a new course, or until all the loose 
material in the upper reaches of the ravine has been brought down, 
in which case it will start to scour. ike 

The first few rains do not usually cause mud-runs, as most of 
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ba perienced, the mazamorra valleys are quiescent, as no heavy freshets 
take place. Usually the year with the least rainfall is the worst 
. |. mud-runs, as the ground dries out and cracks, owing to the 
_ extreme heat in between the storms, and large slides occur. 


Tae Errect on LOCATION. 


_ The runs naturally have a great effect on the location of railways 
- and roads, as it is necessary to leave the plain of the river and to 
- follow the sides of the main valleys with hillside cuts, in order to 
cross over the side valleys while they are still small and while they 
have sufficient grade to keep the mud-runs from depositing. How- 
ever, this increases the cost of construction considerably, as the 
~ line has to be longer and the cuttings heavier, and it is not always 
economical to carry this out. Owing to the friable nature of the 
countryside, the danger of large landslides is increased, and, when 
~ engaged on the construction of the Potosi—Sucre line, the Author 
has had to deal with as much as 200,000 cubic metres of slide ina 
section 10 kilometres long during a rainy season. Thus a mean 
- position has to be determined, and the location should cross the 
- mud-run, with as much head-room as possible, where the run has 
_ a good grade. 
As well as considering the effect of mud-runs on the same side 
of the valley as the location of the line, those on the other side 
~ must be also taken into account, as a mud-run coming down on 
that side will divert the main stream against the embankment, 
"and if this bank is at all soft a wash-out will be caused; on the 
other hand, if the embankment is well defended, or if it is made of 
- rock, flooding, due to the bottling-up of the river, may take place. 
if Tn addition, mud-runs from the side ravines on either bank may 
"raise the level of the river-bed and cause the river to rise and pass 
over the tops of the existing defences, or, conversely, the cessation 
of a mud-run may cause the lowering of the river-bed, in which 
ease the foundations of the defences will be undercut. These 
features must be considered when a ravine occurs near the location 
of the line. ; ; 
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Tur Economics oF TREATMENT. 


The usual method of treatment is simply to keep the bridge — 
openings clean by digging a channel for the water and the mud-run ; — 
this method, however, is useless in the case of the larger runs, which — 
may leave up to 600 cubic metres of material in the channel three 
or four times a week and may actually bring down thousands of — 
cubic metres of material which, although it does not remain in the — 
channel, will cause considerable damage. On the Cochabamba — 
line, after a heavy storm, there are often as many as twenty or — 
thirty runs on a section 10 kilometres long. Owing to the track 
being covered and transport interrupted, the clearing of these and 
the establishment of a clear line often took a day or even longer. . 

The first works done were on the lines of some temporary walls — 
built up by the cleaning gangs, and as such good results were obtained, _ 
it was decided to treat some of the major runs in the same manner, _ 
but as the work to be put in was of an experimental nature, there 
was some difficulty in obtaining the necessary sanction for capital — 
expenditure. However, a comparison of the figures of the cost of — 

cleaning, repairing damages to the bridges, delays to trains, and — 
transhipment of merchandise and passengers, demonstrated that a 
considerable saving could be effected. In considering the runs to — 
be treated the fact that some of them are quiescent for a certain — 
period had to be taken into account ; this quiescence usually occurs 
when all the loose material in the upper reaches has been brought — 
down, and whilst there are no further slides. q 
In practice, before a valley is treated, it has to be carefully surveyed _ 
so as to decide which method of treatment will be used or, as is — 
more usually the case, which method is to be used in which part, as 
the completed work often contains a combination of the various — 
methods. An idea of the grade of the bed that will cause erosion — 
must be obtained, the possible sites for walls or deviations must be ’ 
investigated and trials must be made to see if any visible rock is in 
- good condition ; it must be also ascertained if any building material 
can be obtained in the vicinity of the projected work. In most 
of the valleys one or two good sites for walls can be found, and 
generally speaking there is a fairly good supply of stone which has 
been left behind after the lighter material has been washed down ; 
but there are some cases, however, where there is no stone, and 
these need separate treatment. Before treating a run it is necessary 
to make the survey and take out the comparative costs already 
mentioned in order to ascertain if the capital expenditure entailed 
is warranted by the saving in maintenance costs. A budget ma 

then be drawn up on the lines shown in Appendix I. 
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Merruops oF TREATMENT. 


The earliest attempts at treatment were as follows :— 

In the case of some of the smaller runs, cross walls made of dry 
__ stones or chipas 1 were so placed that they retained the loose material 
in the lower reaches. These proved fairly successful, except for 


supervised, the walls were soon destroyed. 
At the same time an attempt was made in one of the larger valleys 
_— to drain off the hillside springs and to carry the water thus obtained, 
together with that due to rainfall, in wooden flumes over the loose 
ee ‘material. Owing to the extensive nature of the slides this method 
| was not satisfactory, as the movement of the hillsides disconnected 
- the flumes and allowed the water to escape and do damage; in 
addition, the flumes often became choked by material falling or 
being washed into them, and were themselves washed away by 
_ big storms. 
_ An attempt was made to pass some of the smaller runs over the 
railway track by means of wooden shoots. These were not very 
successful, as not only were they liable to choke up and overflow, 
but they were speedily destroyed by the abrasive power of the mud- 
~ run. To have been of any value the shoots would have had to 
- have been made of concrete or masonry with a facing of hard stone, 
' and to have been of a considerable length to obviate the danger of 
the overflows; in effect, they would have been a type of artificial 
a tunnel, and they were not practical, in the first instance for economic 
' reasons, and in the second place owing to the difficulty of getting © 
good foundations where the track passes over a run of any magnitude. 
In the case of some of the runs, mostly composed of shale debris, 
cross walls were tried, consisting of a wire mesh supported on posts 
made of lengths of 60-pound rail. These were not very successful, 
as they could not be built high enough, nor were they able to with- 
stand any great weight of material. All these walls were very liable 
~ to damage. 
‘These attempts led to the methods in use, which are : 


(1) Deposit and counter-erosion cross-walls, for runs caused by 
~ condition (iii). 
i epeet Bis fe ey 


f a rough block of small stones built up by hand and 


1 Chipas consist 0: iit up 
~ encased in a wire mesh, which holds them together in a semi-flexible block, 
_ -® Ante, p. 428. 
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(2) (a) Supporting or ae ai ua 
(b) Supporting earth dams. ‘he 


(3) (a) Deviations over rock. . 
(b) Deviations in paved channels over soft | 
material. 


These methods may be considered in turn. | 
(1) This method is usually employed in the case: of small valleys 
where the sides are not slipping, and the run is caused by erosion _ 
and small quantities of material falling from the sides, or where the _ 
upper reaches of a larger run are being treated. The object of — 
the walls is to form a deposit for any material held in suspension — 
and, at the same time, to break up the grade and check the speed 
of flow. To prevent the stream removing any more material, similar" ” 
walls are used where the bed of the stream is being eroded. . 

These walls are usually constructed of dry stone masonry arched 
on to the sides of the valley, and the two upper courses are laid 
in cement in order to prevent their being washed off and the wall — 
broken down. This type of wall is very suitable, as it readily allows 
the trapped material to drain and dry quickly. The top of the wall _ 
is built in the form of a curve so as to direct the flow into the middle _ 
of the valley, as shown in Figs. 1 (p. 483). 

The location of these walls plays an important part in the success 
of the treatment. They are placed in a series in the parts of the 
valley to be treated and, as far as possible, in any narrows that 
follow immediately after a wider reach of the valley, with the object _ 
of economizing in masonry, making a stronger wall and giving a © 
large deposit area. The bottom wall of any series should have either _ 
a stable foundation on rock or else be founded as deeply as possible, — 
and be provided with an apron ; otherwise its foundations are likely 
to be scoured out, for, when no debris is being brought down from 
above it, the stream will tend to scour the portion of the valley _ 
below it. The height of this wall will depend on the next available 
site farther up the valley and, if possible, it should be high enough 
to allow the new bed-level of the valley to coincide with the old wall 
at that point, as shown in Figs. 2 (Type 1, p. 434). The grade of the 
new bed will be determined by the local conditions, such as the catch- 
ment area, the size of the gorge, and the class of soil, and it ranges ~ 
from 1 per cent. to 6 percent. The second wall, placed as already 
described, does not need a rock or deep foundation as, except for 
the effect of the water flowing over it and splashing at its toe, it is 

secured from being washed out by the lower wall. It should be 
founded in proportion to its height. It is therefore usual, when 
employing this method, to build walls at strong points, each to act — 
as the lower wall of a series. As these fill, further walls are built 


other 
types. 
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the portions of the valley between them, until each series is 
completed. In some cases, where good-sized stone has not been 
available and where the run does not carry stones of a damaging 


Figs. 1. 


....Masonry in Cement 


Masonry laid dry 


: 


Rock nose 
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in this way as, in the case of larger ones, a slide in the side of the 
valley is usually found to be causing the mischief. However, those { 
valleys which have been treated in this manner have given good 
results. | 

(2) The object of this method is to arrest the landslides which | 
are causing the formation of the mud-run. Thisis achieved by means | 
of raising the bed-level of the valley, so that the toe of the slide is __ 
supported, and of keeping the flow of water as far away from the | } 
slide as may be possible. as 7 

(a) In valleys where building stone is available, this is done by | 
means of cross walls. The walls, on the whole, are similar to those _ 


Figs. 2. 


; Lowest wall to be securely 
“77777 Sounded on firm ground 


TV PEt: 


built for method 1; they are, however, higher and not so definitely 
arched, except in the case of walls built at the lower end of the 
slide, as in Figs. 1. The reason for this is that the pressure from the 
slides tends to assist the stability of the arched wall, and any over- _ 
arching might lead to the slide destroying the wall. _ _@ 

These walls are built in dry stone masonry with the two upper 
courses of large blocks laid in cement, to prevent their being washed _ 
off, and they are curved so as to keep the water from the slide and, 
if the opposite side is hard enough, to direct the water on to it. The 
walls are located in a series, as with the first method, with the 
exception that a cover of from 2 to 3 metres of the bed is obtained 


a 
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at the toe of each succeeding wall, before that wall is built ; thus 
_ the second and third walls are almost founded on artificial ground, 
as shown in Figs. 2 (Type 2). These walls are only placed in those 


¢ 


portions of the valley that are actually sliding. 
_ (b) Where no building stone is available, use has been made of 
earthen dams (Fig. 3), the water being taken off by means of a 
_ channel, paved if necessary, running from one side of the top of the 
_ dam over firm ground. The up-stream faces of the dams are also 
- paved to some distance below the invert: level of the overflow 
channel, to protect them against erosion. 

a (3) This method is usually only carried out where it is possible 
to deviate the stream over good rock, as paved deviations, except 
in special cases, are too expensive. This is due to two facts: 
| firstly, that the sides of the valleys are very steep and, if they 
consist of soil, much greater excavations are necessary than would 
have been the case had they been of rock, and that, in the case of 


Fig. 3. 


Stone pitching 


ee deviations made in soil, the channel must be thrown farther into 
' the hillside; and, secondly, that the haulage of the stone to the 
"site, which invariably entails man-handling, makes paving very © 
expensive. On the other hand, in the case of good rock, although 
~ the actual excavation is more expensive per unit, the cut can be made 
~ nearly vertical and no paving is needed. 

| The stream is captured above the slide by means of a deviation- 
"wall and, if necessary, its bed-level is raised to allow for a good 
location of the channel. The channel follows the physical features 
of the side of the valley as far as possible, in order to avoid big 
cuttings and to give a grade sufficient to prevent any silting-up. 
It is extended so as to pass the slide, and the stream is then returned. 
to the valley by allowing it to cascade over either a rock or a paved 


face. 
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Design oF Cross WALLS. 


q The problem of the efficient design of cross walls to retain mud- 
‘puns is a very difficult one to approach, as there are so many factors 
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concerned. Actually, it is probable that the location selected and 
the workmanship of the construction play a very considerable part 
in the success or failure of the structure. Care must be taken tc 
ensure that the toe is safe from erosion by ensuring that it is either — 
founded on good soil, provided with an efficient apron, or has - 
sufficient “cover” from the walls placed lower down the valley. 
Again, the curvature of the top, the arching, and the amount that 
the wall is embedded into the sides of the valley must all be carefully 
considered on the site, so as to ensure that it will be neither washed. 
out at either side nor crumpled up by the slides—which will be the _ 
case if it is “ over-arched ”’—and thus placed at the mercy of the 
next big mud-run. 
After settling the location, the characteristics of the valley mus 
be ascertained ; that is, the class of material that is brought down, 
the speed of “ flow-off” and the probable quantity that will be 
brought down by any live flow, in order to get an idea as to how far 
the wall will fill up during the first mud-run that it has to withstand. | 
Actually, a fair idea of this could be obtained by intelligent use of 
the data of material cleaned off the track, which is recorded for 
maintenance and budget purposes. The walls in use have all been 
designed empirically after taking the following considerations into 
account. s 
When liquid and running, the mud-run has an angle of repose 
of only from 5 to 10 degrees, and has a water-content of 50 per cent. 
or more, while, when dried out by the sun, it settles and shrinks into _ 
a compact mass that is harder than the original soil, with an angle | 
of repose of from 60 to 80 degrees. This is true of all mud-runs — 
except those consisting largely of shale. As the material is deposited _ 
behind the wall when it is in a liquid condition, the actual angle of — 
surcharge behind the wall will be equal to the angle of repose whilst _ 
it is actually flowing, and this will be the most difficult consideration. _ 
Further, the impact of large boulders rolled down the valley by the © 
mud-run, and, in the case of type (iv)! runs, the impact of the — 
released water from behind an obstruction. in the valley, must be 
considered. Fortunately, these are not cumulative, as the first — 
rush of water does not carry much material at its head, owing to the — 
fact that the water flows off at a greater velocity than the rolled 
material, and once sufficient material has been picked up to form 
a proper mud-run, which flows at a very much slower velocity, the 
first impact is over. 1 
Against these considerations may be set the fact that, except in 
exceptional cases and under unforeseen circumstances, it may be 


1 Ante, p. 428, 
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_ assumed that the wall will not fill up in any one run and that, as 
__ it is of dry stone, the material behind it will drain rapidly and soon 
assume a larger angle of repose, which will assist the stability of 
_ the wall. 

__ These factors are considered, and after allowing a factor of safety 
_ for cloudbursts, which is balanced out against any additional 
_ strength from arching, the empirical design used is : 


Top width not less than 1 metre, and base width equal to 
from two-thirds to three-quarters of the height of the 
wall. 


In some of the older designs, which were not sufficiently arched, 


the base was even made equal to the height. These dimensions 


are, of course, altered in order to suit the needs of the valley under 
_ consideration. 

__ here have been so many difficulties in the way of obtaining a 
- good theoretical design, both from the lack of experimental data 
and also from the difficulty of obtaining it, that none has yet been 
_ put into use. The Author has, however, made some experiments, 
and he advances these, together with the necessary calculations, in 
support of the empirical design in use ; the calculations are printed 
in Appendix II. 


Design oF EARTHEN Dams. 


These are constructed with a l-metre thick tapial1 core founded 
some 2 metres below the base of the dam to prevent seepage. The 
foundation for the dam is made by clearing the ground, stepping it 

if it is sloping to any degree, and then tamping the whole site. The 
dams are end-tipped in order to form a width of 2 metres at the 
top, the material being allowed to assume a slope of between 3 to 1 
- and2tol. They are designed to fill to a level of about 23 metres, 
or more if necessary, below their tops, from which level any excess 
of water is led off by means of a rock deviation or paved ditch made 
on firm ground, and then cascaded down into the original valley 
clear of the toe of the dam. The up-stream face of the dam is pitched 
with stone from the top down to about 1 metre below the invert of 
the deviation ditch. 
These dams are constructed on a large scale, and therefore for 

any given slide there would be fewer dams than cross walls, if the 
latter had been constructed as an alternative. As a result of their 
_ being larger the dams only fill slowly, and each layer of deposit has 


1 Clay and chopped fibrous grass mixed, damped and tamped down in 
moulds. ate 
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a chance of drying slightly and of assuming some angle of repose 
before more material is brought down, so that the resultant weight — 
on the dam is not as large as would be the case if it were completely 
filled by one run. The filling of the dams is safeguarded by the 
fact that the first rains are practically absorbed by the dry ground, 
so that the first few mazamorras do not usually bring a great quantity 
of material ; thus, while it may take three or four storms to fill behind 
a cross wall, two months or even a season will be needed to fill in 
behind a dam. ; | 
At the end of their first and second seasons the dams have to be 
raised owing to settlement and in order to keep their tops above that 
of the overflow-channel. At all times both they and the channels 
have to be watched carefully until they are full and properly 
settled, as if the channel becomes blocked, or by some means water 
starts flowing through the dam or over its crest, considerable 
damage would be done. After the dams have filled up, it is _ 
necessary to construct either walls or training banks paved on — 
the interior face, in order to form a well-defined course for the — 
stream across the filled-in area behind the dam; otherwise, the 
stream flows from side to side over this portion, with the risk that 
it will scour through the top of the dam and over the front face, _ 
with fatal results. Once full and working correctly, the dams give _ 
quite good results, but during the rains they have to be inspected _ 
frequently, at least once a month. | 


Drsian oF DrviATION-CHANNELS. 


Before constructing a deviation-channel, it is important to have a — 
good. knowledge not only of the materials through which it will have 
to pass, the probable sites for training walls, and the place where — 
the water will be cascaded back into the ravine at the end of the 
deviation, but also of the conditions under which it will have to 
function. The former data may be obtained by means of test pits — 
and by observing the strata, but information as to the working 
conditions is far more difficult to obtain. . 

The size of the catchment-area must first be determined in order to 
get the probable flow-off ; in considering this, the average grade of 
the catchment-area and the permeability of the soil must be taken 
into account, as these two factors will largely determine the maximum 
quantity of water that will flow off the area in a given time, since 
the steeper the grade and the less permeable the soil, the more the 
water will tend to flow off in one rush after a heavy downpour. The 
heavy storms which give the big flows-off are short in duration, and 
these factors are therefore important, a 
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_ Following this, some determination of the cross section and the 
profile of the valley should be made, in order not only to determine 
_the possible grades for the deviation, but also the actual area and 
grade needed by the flow-off, which gives a useful check on any 
_ calculations. The maximum cross section utilized by the flow-off 
is most easily determined at points where the ravine cuts through 
_ some rock formation. Traces of mud, or the level on the sides of the 
- ravine at which grasses and plants may be seen growing, give 
_ valuable indications of the probable depth of the flow, especially 
in the case of ravines carrying mud-runs. 

At the same time, some estimation must be made of the class of 
material that will flow, and of any subsequent changes in its velocity 
_- which may be caused by works placed farther up the ravine than the 
- proposed deviation. But, while the aim of the design should be 
to give the best results after the completion of all the proposed 


works in one dry season, and in any case it is probably impracticable 
_ to do so until some results have been obtained from the works first 
put in. 
With these details in hand, the two ends of the proposed channel 
~ are fixed both in regard to their actual position in the ravine and 
4 to their level above its bed, taking into consideration such matters 
as the approximate grade that will be needed and any good strata 
~ in the rock. The entrance should be placed on a site where good 
} _ foundations may be obtained for the erection of an economical 
- deviating wall, and the exit either at a point where there is a good 
outcrop of rock over which the deviated waters may safely be 
cascaded back into the ravine, or at such a point and level where 
_ they will occasion the least possible erosion and disturbance to the 
' sides and bed of the ravine. 

Following this, the line of the channel must be fixed, which for 
economical construction means that it must follow as far as possible 
“the contour of the valley side, and from this line the grade is 
determined. Actually, on the shorter deviations considerable 
variations of grade may be determined by careful selection of the 
entrance and exit and their possible levels in relation to the ravine 
bed, or by alterations in the height of the deviation wall. 
‘Then, before the actual cross section to be used is determined, 
the question of the class of material that is likely to pass through 
- it must be considered, as, if it is required to pass a flow heavily 
charged with detritus, it must have a steeper grade and a deeper 
cross section than would otherwise be necessary, and care must be 
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lessening of the grade, as any of these would cause the detritus to 
deposit and block the channel. Such changes of direction and 
cross section as are unavoidable for economic reasons must be — 
compensated by manipulation of the grade, but where a heavy 
charge of detritus is carried they should be as few and as small as 
possible. With this class of material, observations taken of existing 
deviations show that the grade should not be less than 20 per cent., 
and that, as far as is possible, the grade and size of the deviation — 
should not vary greatly from that of the original ravine in the parts 
where it passes through rock. 
If, on the other hand, only water with a small quantity of detritus — 
is to be passed, then the only necessity is that the channel should ~ 
be large enough to deal with any storm-flow, and that its grade and 
cross section should be so designed as to keep the velocity of flow 
high enough to prevent any possibility of its filling up ; this velocity — 
should be from about 8 to 10 feet per second. Further, the — 
difference in the “roughness” of the original ravine and of the 
deviation must be considered and taken into account, as this will 
affect the velocity of flow. 
“It is seldom necessary that the deviation-wall should be actually 
built as a training wall, as this would mean a longer and more ~ 
costly wall. Usually the wall or dam is built normal to the sides _ 
of the valley, as in the case of a cross wall, and the detritus brought 
down during storms will gradually fill in the space behind the wall 
up to the level of the mouth of the deviation-channel, the wall — 
being rendered impervious by the process. Through this deposit 
the stream will cut a course, which at this stage is usually artificially _ 
defined, by the construction of training walls or banks built on 
top of the sediment, in order to prevent meandering and to guide 
the stream to the mouth of the deviation without allowing it to form _ 
eddies. If either eddies are set up or the stream meanders con- 
siderably, there will be a resultant loss of velocity and material 
will be deposited, which might cause the channel to silt up and the 
stream to overflow the wall and do considerable damage. | 
In the case of paved deviations there is a further consideration _ 
to be taken into account, namely, that the steeper the grade the _ 
stronger and more costly will the pavement have to be and the — 
more often will it have to be inspected and repaired, in order to | 
withstand the erosion which, in the case of streams heavily charged 
with detritus, is very considerable. This is due to the fact that the 
specific gravity of the mud-run is not far below that of the paving 
material so that the latter, unless it is well secured, is easily carried _ 
along with the mud-run. This sets a definite limit to the grade that _ 
can be allowed where the deviation will have to pass any form of _ 
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| mud-run. One of the chief factors in the design of the paving in 
_ these channels has been the cost of the transport of the cement from 
_ the railway line and of the stone and building sand from the points 
4 where these may be obtained. In the case of ravines through shaly 
_ or muddy ground, good building sand is very difficult to obtain 
_- and the cost of massive pavements is prohibitive. 

S The chief trouble during maintenance has been that if, during a 
_ storm, a small portion of the paving became broken, it usually led, 
- with this point for a start, to a large portion being ripped up before 
pit was possible to make any repairs, while the actual deviation might 
ie easily be destroyed. This has led to the evolution of a type of 
% pavement divided into sections and anchored (Fig. 4) by placing 
_ drop walls at intervals so as to limit the probable extent of the 


Fig. 4. 


Old rails 
used as reinforcing 


_Pavement 


into sub-sections by placing crosswise in the channel lengths of old 
 60-pound rail bent into the form of a U and built into the pavement. 
“This type has given excellent results, and generally the damage has 
‘been thus limited to a sub-section or, at the worst, to a section. 

Calculations used.—As in the case of the cross walls, most of 
‘the deviations in use have been designed on site, but the Author 
puts forward in Appendix III the calculations which he has 
used as a check on some of the later designs; unfortunately, 
the amount of practical data available at the time was small and 
“since then he has been employed in other directions and has not 
been able to elaborate them. The figures taken for the “ flow-off”’ 
were assumed in order to allow for the worst possible case as, 
compared with the initial cost of construction and that of repairing 
any damage due to too small a channel size or slope, the increased 
cost of installing a channel to cater for all eventualities is small. 
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EXAMPLES. 


The works actually in use at certain mud-runs may now bee 
described. 

Mollini.—When the line was constructed, this run was quiescent, 
so no account was taken of it, and the valley was crossed by a — 
five-span bridge, each girder having a span of 5 metres. Shortly — 
afterwards, due to slides which occurred up the valley, the run — 
restarted, thousands of cubic metres of material being brought down ~ 
after each rain; it either washed away the track at that point © 
or covered it up completely, according to the consistency of the — 
material that had come down. This mud-run was composed of — 
mud, sand, stones and water, and included boulders up to 6 cubic — 
metres in volume. However, although the flow was plentiful and _ 
did considerable damage, the run dried fairly quickly, which 
enabled transhipments of passengers and freight to be made pending _ 
the repair of the line. 7 

The earliest remedies tried at this point consisted of erecting — 
chipas and dry stone walls, in an attempt to guide the detritus — 
through the bridge openings by constricting and localizing its channel — 
of flow, in order to increase the velocity of flow and to keep the 
detritus in suspension. These works were not strong enough, = | 


by rolling ; consequently, they were either broken down or chokes . 
up and rendered useless. Following this, an attempt was made to — 
use cross-walls of chipas and dry stone work, but, owing to the same _ 
reasons, these also were unsuccessful. i 
Some time later, when the treatment of mud- -Tuns was considered | 
as far as possible the real cause of the trouble. Starting from the _ 
mouth of the ravine, after passing over the alluvial cone (Fig. 5) 
there are, in the first place, three dykes of gneiss. The ravine for the 
main part runs in a fault line, and these dykes are really harder _ 
strata which have been tilted through an angle 85 degrees. The firs 
dyke, “a,” in a somewhat shattered condition, appears only as an © 
outcrop on the right-hand side of the ravine; “b,” in a good — 
condition, outcrops on the left-hand side and is traceable at least 
three-quarters of the way across the valley. (No attempt was made } 
to follow it farther, as it dipped steeply and the excavation needed _ 
was excessive.) Dyke “c,” in a shattered condition, outcrops on _ 
the left-hand side. | 
Above dyke “b” the right-hand bank is formed by a good’ hand | 
gneiss, but the left-hand bank up to the first bend, where there is a | 
waterfall over the rock, is composed of Manton material and wa 8 
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pping badly. Above the fall, the ravine cuts through a fair-grade 
gneiss until it arrives at the small side branch ‘‘ A.’ Above this 


Fig. 5. 
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left-hand side between this point and the branch “B,” in- 
uding the left-hand bank of that branch, is composed of an over- 
den of very badly decomposed shale, which was slipping badly. 
ve the pee of branch “ B,” the main ravine passes through ay 
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good-quality gneiss and over a series of falls caused by harder 
strata ; the whole overburden between it and the branch “ B” 
was, however, slipping slightly. At the top of these falls, the stream _ 
was on the same level as the toe of the overburden and was washing _ 
it away and this, in its turn, was causing a bad slide. 

After the survey, it was decided to build walls (1) and (3), in” 
order to hold back the slips I and II by damming them against the 
opposite banks. (Method (2a)1.) This was successful up to a point, — 
as for the first season the walls acted as cross-walls. In the following — 
year, wall (3) was heightened and another wall was built on dyke — 
“2”? in order to cover the foundations of wall (1), which were not 
very deep, against the scour which was taking place as the result _ 
of some of the material being held up in the deposits formed by the ~ 
walls. Unfortunately, during the next wet season, the slide II — 
started to give trouble, and slides I and II commenced to move _ 
again because the fillings caused by walls (1) and (3) were insufficient 
to hold them up; further, the newly-built wall on dyke “a” was 
destroyed by the mud run, which was again working very actively. _ 
It was then decided that, as the right-hand side of the ravine was _ 
all on good gneiss, an attempt should be made to deviate the stream _ 
over the rock by means of a wall deviating it into a channel cut in — 
the rock ; it was then to be allowed to cascade back into the ravine, _ 
thus preventing it from washing the slides. . 

During the first season, as expenditure was limited, a start was 
made from the top of the valley ; deviation IV and wall (6) were © 
constructed round slip III, and a short deviation III was made | 
through the rock at the junction of branch ‘‘B” with the main ~ 
ravine. Wall (5) acted as a deviating wall, in order to throw the 
water from branch “B” away from slip II. There was a con- 
siderable diminution in the flow of the mud-run during the following _ 
wet season, but during the next year it was only possible to allow _ 
for the construction of deviation Il and wall (4). Unfortunately, 
not only was the work not properly completed before the rains, but, | 
owing to sickness among the staff, the deviations were not efficiently } 
inspected between the storms, with the result that a fall of rock — 
occurred in deviation II; the stream overflowed back into its normal 
course past the toe of slip II and over all the loose material ex- 
cavated from the deviation, and this was the cause of considerable 
mud-runs. As soon as the rains stopped, the work was again put — 
in hand, deviation II was finished off correctly, and deviation I 
and wall (2) were constructed. During the following rains, which — 
were very heavy, slip IV started and wall (5) was damaged, but — 


1 Ante, p. 432. 
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Bs rcunately it was possible to patch it up again between the storms. 
The whole work of the deviations was so successful that the run. 
_ gave no further trouble. After the rains, wall (5) was rebuilt and 
S: _ strengthened, but as slip IV was comparatively small no work 
p* was done on it; in fact, to a certain extent it is advantageous, as 
_the material heoueht down by it, while insufficient to cause trouble, 
$ is enough to prevent the main river from eroding away the alluvial 
_ cone at the mouth of the ravine. Hence, the need for river defences 
at that point is obviated. 
_ Run at kilometre 118-164.—When the construction reached this 
‘point, there was a certain amount of material being brought down 
the ravine, and it was thought that two 6-foot tubes would be 
sufficient to overcome the trouble. However, the mud-run was then 
passing out of the quiescent stage, and the amount of material 
brought down increased yearly and swamped the station after each 
big rain. On one occasion the flow was so big that a 25-ton capacity 
box-car was lifted from the siding and carried bodily some 150 
metres over what had been cultivated ground, and deposited in 
“the main river-bed. At first, attempts were made to guide the mud- 
ie tun through the tubes by digging a channel and keeping this properly 
| cleaned out. These methods were expensive and of no great value, 
_ as they did not stop the line from being interrupted after every big 
_ storm, so a survey of the valley was then made (Figs. 6, p. 446). 
_ Starting from the railway-line, a channel in the alluvial cone 
~ leads from the 6-foot tubes; this was kept clean as far as possible. 
_ Then slide (1) to the left was supported by a series of two supporting 
 cross-walls. Between slides I and II, as both sides of the valley 
_ are of earth, a counter-erosion cross wall was placed. Above this, 
the left-hand side is composed of poor-grade shale and slide II 
occurs to the right, the latter being supported by a series of two 
supporting cross walls. Above this again are slide IV on the left- 
hand side and, opposite to it, slide ITI, only separated from slide II 
y a nose of shale rock. These slides were supported one against 
_ the other by a series of seven supporting cross walls, the first of 
_the series being founded on the shale nose. Slide V on the right, and 
good shale on the left, then follow, and as this slide is comparatively 
small, it was not treated. Following this, on the right, there is 
another large slide, VI; here, fortunately, the left-hand side of the 
‘ravine is composed of good-class shale and so it was possible to make 
a deviation-channel over the rock. Next comes slide VII, which is 
| ractically a continuation of slide VI, the left-hand side of the ravine 
being still formed of good shale. Unfortunately, for some distance 
the overburden on the shale is so heavy that a series of five supporting 
"walls had to be used for the lower portion of this slide. As the — 


p29 


ees 


a 
e 
:4 


MORUM ON THE TREATMENT OF 


446 


NOILDAS 
* SSOud 


1 
° NoILoas 
i i UN “Ssoud 


wy 


A 
308} 490 
J8A0 API 


syoeis 
Aq dn uayoiq 


— snuyj uMoys s|jBM-SSOUD 


“ASTIVA AO NOILDSS GNV NV 1d 


a Vv 
x 
2a5 
252 
@ de 
280 
P59 
Sou z3 
5 a8ganas $3 
| Noliogs a v = 
| _SSOBD } 
r a =) 
1 
Wh A 
| NOILO3S 
} pecs? 
a apis Siuh : 
SsouD | 10d SIEM fe ie 
wale ; 
av ION “yo 
; 3HL 40 § Lesa p ey { 8 
( ae S 
RSs i ‘ ree » 
\ a el Buipjing i= 2 
\e ~" uonas ahbay IIS 
; eG 
oe CIs) Vv 
a (St jauuey9 eu0Wweze 
; AY2P 5 | a. ty 
SSI jo Se 
9 jo, 
yOL-OLt IM 
(saya ur s}yB1aH ) saqn 1 j00}-9 omy JO 
SaujaW 09 ="wWd | 3 


aa ae ae 
39394 00S O0y OOF 002° 001 0 0S OO! 1994 


"1884 00S = You] | : 8129S 


"9 “sbi 


TT & 
“Se 


BPSRRA TAT ahd’ 


hy 


HORE RAG 


PA 


nh ee 


MUD-RUNS IN BOLIVIA, 447 


overburden tails off, it was possible to use a deviation-channel for 
the top portion. 
Above this point the ravine branches into two, slide VIII being 


_ situated between the branches and slide IX to the right of the right- 


hand one. The latter slide being small, it has been left untouched. 
In the case of slide VIII, there was a possibility of the stream being 
forced by it against slide VII, thus cutting through it and avoiding 
the top deviation-channel; a heavy retaining wall was therefore 
built at the toe of this slide to direct the flow of the stream. 

The work put in this ravine has been very successful and has 
already paid for itself. It is especially interesting as it illustrates 


the methods used to overcome a mud-run of this type, which, 


while small when compared with those of Mollini, Orcoma, and 
Arque, gave a considerable amount of trouble, and yearly did a 
great deal of damage, not only to the station yard but to the town 


as well. The material brought down by this run was a mixture of 
shale debris and liquid mud. 


Arque.—This run brings down mud and stones, but no very large 


~ boulders. At the time of construction there was a wide river-bed 
here in which the stream ran in a meandering course channelled by 
- itself, unless it was in flood, when it occupied most of the bed. The 


town of Arque was situated partly in this bed, and was defended 

against flooding by native-made defences of dry stone and branches. 
A bridge of forty spans, each of 5 metres with a headroom of 3 metres, 
_ was used to carry the line over the valley. 


A year or so after the line was constructed, slides started in the 


4 valley and its side ravines, and they have steadily become worse. 


As a result of this, the flow of detritus, by pushing the alluvial cone 


out into the main river, raised the bed-level of the latter until, in the 


” first place, the town was blotted out and had to be rebuilt at a higher 
" level, and then the new town had to be defended ; finally, the level 


of the river-bed is now higher than the rail-level of the bridge for 


three-quarters of its length, and is some 10 metres higher than the 
level of the main square of the new town. Unfortunately, this level 
is still rising and now it not only threatens the town, but also the 
~ embankments approaching the bridge. In Fig. 7 (p. 448) are shown 
the various defences that have been tried and the attempts made 
to direct this mud-run. 


Unfortunately, the cost of putting in masonry or concrete defences 


_ would be prohibitive, and as the townspeople are too indolent to 


give any serious aid, all the work put in has been of a temporary 


character. As already explained, at the time of construction the 
_ river gave no trouble and little attention was paid to it. The first 
defences were a few chipas (1) which were of no real use, Then, 
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as the river began to get troublesome, the wall (2) was built with the 
aid of the townspeople, but in 1923, during a heavy storm, a portion 
of this wall and part of the town were destroyed. The townspeople 


Fig. 7. 
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then built up a rubble wall (3) in order to divert the river from a 
portion of the town, but it was of little real strength, and so the 
chipa and rubble wall (4) was built by the railway company. This 
_ has since been repaired and then, as the level of the river-bed still 


Ng 
- ° — 


MUD-RUNS IN BOLIVIA. 449 


~ continued to rise, further defences put in with the aid of the towns- 
‘people. In 1930 these were again heightened by another course of 
chipas and are, for the moment, effective. However, the mud-run 
_ is now more than 3 metres higher on the outside of the defences 
_ than the ground-level is on the inside and it is only a matter of time 
oe before the defences are overwhelmed, for not only would another 
ig course of chipas make the whole more unstable, but the lower ones 
: b 4 are in a very poor condition and will soon fall to pieces. At the time 
ba of writing, the level of the river-bed is higher than the rail-level of 
the bridge, which is actually now in a cutting in the river-bed for 
_ three-quarters of its length. 
; Orcoma.—The run here is of mud and water in the form of ooze, 
and is similar to the first example as regards quantities of material 
_ brought down by each rain, but in this case the situation was worse 
as, when the mass was liquid, it was impossible to cross, and it only 
% 4 dried out slowly, forming a crust which was deceptive and dangerous ; 
it was therefore impossible to tranship passengers and goods until 
either it dried out sufficiently, or was dug off the track. Without 
a large change in the site and a more expensive location, it was 
- impossible to avoid this run. 
iy. When it was fully realized how much trouble the run was going 
_ to cause every wet season, a survey was made of the lower portion, | 
as shown in Fig. 8 (p. 450). It was found that, for some 500 metres 
beyond the alluvial cone, and up to the foot of the lowest of a series 
of waterfalls, both sides of the valley were badly cracked and slipping 
- in, the whole interior of the valley being a soft broken-up mass with 
- anumber of springs. The only outcrops were at (A), of poor-grade 
_ shale, and at (B) of badly cracked soap-stone. The first attack on 
- this problem was to try to drain the sides of the valley in order to 
_ stop the slips; the water was to be carried in flumes, and by the 
same means the stream was to be prevented from washing against 
_ the toes of the slides. Unfortunately, as explained on p. 431, this 
method was a failure. 
After this attempt had failed, the problem of how to deal with this 
valley still remained unsolved. There was no rock suitable for 
- deviations, and in any case the slides were too continuous for that 
_ method ; in addition, not only was there no building stone near the 
- site for the construction of a cross wall, but the valley was so wide 
that the cost of any attempt to bring stone from elsewhere would 
have been prohibitive. The solution was finally found, and was the 
construction of earth dams; with paved spillways over firm ground 
or on rock. : : 
Dam No. 1 was situated in order to make use of the outcrop of 
shale “A” for a spillway, and it was constructed during the first’ 
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season. It proved its value during the subsequent rains, when it | 
filled up with the detritus coming from above, and prevented this 
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NOTE. —Originally both sides of this valley 
between points A and B were slipping 


Alluvial cone 


from being troublesome ; it also arrested the nearby slides. During 
the next season dam No. 2 was constructed and, as there was no 
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_ available outcrop, its spillway was paved over firm ground, while at 
_ the same time dam No. 1 was heightened to counteract shrinkage. 
_ As these dams gave similarly good results during the next two 
a successive seasons, dams Nos. 3 and 4 were built. Both of these 
_ dams had paved spillways, although in the case of No. 3, use was 

made of the soap-stone outcrop “B.” During these seasons, the 
usual upkeep work of heightening the earlier dams to counteract 
- shrinkage, constructing training-banks on the deposited material, 

and repairing the spillways, was carried out where necessary, and the 

system gave excellent results. 
ie Unfortunately, during the next wet season, spillway No. 4 became 
_ choked and, before this could be remedied, a cloudburst caused 
&% the mud-run to overflow dam No. 4; it destroyed the major part of 
- both this dam and spillway No. 4, as well as badly damaging dam 
No. 2 and spillways Nos. 1, 2, and 3. As soon as possible, dam 
- No. 2 and spillways Nos. 1 and 2 were repaired, and then spillway 
a No. 3, which was in a bad condition, was widened and made secure 
i again by repaving it and cutting it further back into the soap- 
stone. Dam No. 4 was then reconstructed, and a spillway cut on 
a better grade than before. This spillway, which had a length of 
80 metres, was paved in cement masonry, as it was both the longest 
and. steepest. 

At the same time, the survey was extended up the valley ; a 
large slide on the right-hand bank between the falls, which was 
invisible from below, was discovered, the left-hand bank being com- 
posed of good-quality shale. A series of slides was also discovered 
on the hillside above the plateau. As the slide between the falls was 
menacing, it was treated at once, and, since the valley was narrow 
at this point, stone was collected on the plateau and a type (2a) * 
_ supporting cross-wall was built. 

Up to the time of writing, no further works, except for repairs, 
_ had been done on this valley, as the quantity of material coming 
down from the top reaches is not excessive and passes through the 
__. spillways and channels and under the railway bridge without causing 
any appreciable damages. 
; Photographs of typical examples of cross walls and deviation- 

channels are reproduced in Figs. 9, 10 and 11. 


CoNnCLUSION. 


The methods described in this Paper have proved successful 
in those valleys which have lent themselves to this type of work 


1 Ante, p. 432. 
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without the cost becoming excessive, that is to say, in those valleys 
that do not have an excessive number of landslides in their 
sides and which have not proved too wide for the successful con- 
struction of cross walls. The Arque Valley is really a side river and 
rot a ravine, which accounts to a large degree for its intractability, 
despite the fact that side rivers do not usually give much trouble ; 
by the law of averages, due to their large catchment area, some of 
their side ravines are quiescent while the others are active, and thus 
the flow of the mud-run is regulated. In all probability the only — 
remedy here, as far as the railway is concerned, is either a deviation 
of the line so as to cross the valley higher up at a narrower point — 
and to give it more head-room, or, provided the objections of the 
townspeople could be overcome, the adoption of the cheaper alter- 
native of constructing an artificial tunnel below the mud-run. 
Nothing, however, except that the river should again start to scour, — 
can possibly save the town. . 
The work is still in its infancy, and so far the only runs to be 
treated have been those that have given considerable trouble and 
where it has been possible on the analysis of their costs to show a 
clear saving. Even the older of these works have only been in 
use for a short time, since the work as a whole was only seriously 
initiated some ten years ago and has always been hampered for lack 
of funds. Further, it takes at least four wet seasons to prove that 
a system of works in a valley is giving satisfactory results, as during 
the first season very misleading results, that err in either direction, 
may easily be obtained ; the loose debris left over by the construction 
of the deviations and dams, and the mud-runs of the previous year in 
the lower reaches, may be brought down and form a considerable 
run, while, on the other hand, the unfilled spaces behind those walls 
which were not designed as deposit walls may hold up material 
that would, as soon as these are full, form a mud-run, thus giving © 
too good an opinion of the works. | 
There is still considerable scope for experiment and improvements — 
in these methods, and a really scientific study of the causes and 
behaviour of these mud-runs, as well as the design of the various — 
types of preventive works, should prove very interesting. Ls 
The Author wishes to express his thanks to those who have — 
been of assistance to him in the collection of data for this Paper, — 
and to mention in particular Mr. F. F. Williams, a Divisional — 
Engineer to the Antofagasta and Bolivia Railway Company. 
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Acti Rites 


The Paper is accompanied by six sheets of diagrams and by eight — 
photographs, from some of which the Figures and the two pages of 
half-tone plates in the text have been prepared. 
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APPENDIX I. 


5 Costs FOR TREATMENT oF A Mup-Run. 
DEBIT 
- Capital Cost . Annual Cost 


- detailed estimate, including 
survey and overhead 


Cost of probable extensions 
_ needed to river defences, 
- etc., due to main river 
~ eroding 


Total Bs. . . . representing, allowing 
ee for interest and 
sinking fund 


_ Probable maintenance cost 


oS », on river defences, etc. 
wa —— eS 
Z = Total equivalent annual cost . . . Bs, 
CREDIT . . . . - 
nual cost of cleaning mud-runs from track _ 

” > ” ” 39 bridges, etc. 

+» repairs to bridges, etc. 

” v» 9» brack 


5, train delays, transhipments, etc. 
q Probable reduction in main river maintenance costs 


Total annual saving . . . Bs. 
- Debit J 
- Credit — 
i, ' Balance “i 7._ .« “BY. 


c 


isually before starting work, a credit balance of 20 per cent. of the annual 
intenance costs has been required. - 


“= __* These-items may be credits or debits. 
» - 
— = 
‘ en i a uw a ro 
ee “3 
a. oe = ya 
es ae : 
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APPENDIX II. 
Drsicn oF Cross WALLS. ' 


Introduction.—Attempts were made to obtain the weight of the mud-run 
per cubic foot while the run was in action, as directly it stops the water runs 
off and the density increases; unfortunately, the larger runs are dangerous t 
approach when in action, so use had to be made of the smaller ones, which are, 
perhaps, not quite so representative of general conditions. It would a 
that 80 pounds per cubic foot is an average weight for a run with an angle 
repose of about 8 degrees. As may be expected, the higher the angle of repose 
the denser the mixture. 4 

Assuming that any benefit that is obtained from the arching of the wall 
on to the valley sides may be set off against impact and other forces which cannot 


0 


Se ee ee ey 


be determined, then the design of the wall on the assumption that it is a gravity 
wall, which is filled up to its top with liquid mud-run, but not surcharged, shor 
be a safe one. 

Then P, the horizontal force behind the wall, is obtained by using Rankine’s 
Theory for retaining walls (Fig. 12). 

Let r denote the weight of the mud-run (= 80 pounds per cubic foot). 


Se as », of the masonry (= 140 pounds per cubic foot). 
ee IC », height of the wall. : 
Arp at », breadth at the top. 
a5t.10 »» breadth at the base. 
» Q@ ,, angle of repose of the mud-run. 
» LL ,, angle of surcharge. 
Then pat ES 
2 \l+ sing 2 


But weight of masonry = W = me ; 
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EL _P ch y 
OE W watt) 3 
I» ch? 
: and theref 
| erefore y= SD) TH 
_ For the line of pressure to be in the middle third, 
4 2b 
§ ; T + y =r, 
. a?+ab+b? ch? 2 
a 1 ? —— ie 
— " 3(a_+ b) Pa 3w(ia+b) 3 
G ch? 
‘and therefore b? + ab — a? — ee 0 


- baa) 


_ Ifa=0orb (the two worst cases) then b = by / . 


x 1—sinQ 0-861 
Fro = eat CoRe’ el Je 
7 a the above c=r. (; + sin Q Ves Lame 


a py sialy/, OO 20 PEL. 
ee 1-139 x 140 
= 0-65 h. approx. 


_ However, taking the worst possible case when the wall fills up to overflowing 
in the first rain and is thus surcharged with an angle equal to that of the angle 
of repose, 


‘cos L — Vcos?L — cos?Q ch? 
p =—,. cos L s ( Sa ee = 
cos L + Vcos?Z — cos?Q 2 


Jb) eS 8y. ‘ 
c =r.cosY = 80 x 0:9903, 


jh ie x 0:9903 
140 


= 0-75 h approx. Mein, — 


These results show that the empirical design is correct, provided there is no 
divergence from the weights and angles assumed for these calculations. 
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APPENDIX III. 


DersicnN oF DEvIATION-CHANNELS. 


Let R denote the rainfall per hour in metres, 


ao »» 35, catchment-area in square metres. 
nae OF >> 5, run-off factor per hour. 
CRF 
th = —— cubic metres per second. 
atc © = 3600 = : 
To allow for maximum eventualities a further factor of safety of 14 was allowed, 
: - | 

and therefore C= sae cubic metres per second. 


The factor F varies with the slope of the catchment-area and the permeability 
of the soil, and its approximate value was determined as follows :— 


F f bh F fori ble 

Slope. ‘or Dermes e or mpateieg 
3 to leand above= 2 «+. 0-7 0-9 
Between 5toland3tol ... . 0-6 0-8 
35 10;to:l‘and’Sito7 ee a Gee 0-45 0-7 
10toland below ... . 0-25 ; 0-5 


Let n denote the roughness factor. 


» & ” ° slope. 

ee ,, frictional factor. 

» @ 4,  ., quantity of material. 

Yaoet eee », mean area. 

7 VU 45 »» velocity of flow. 

» D_,, _ ,, depth of channel. 

peaks », Maximum width of channel. 

apes: ,, angle of repose of the material. 

2 DP 55 », percentage of weight of solid material per cubic metre. 


Then as an approximation, 


san/ind 


and therefore ' =k nee. 
pQnB A 
Hence, assuming a figure for n for the original ravine and the new deviatic 


channel, it is possible to obtain an approximate figure for the slope required i 
_to be constant. é 


Then Atk k 8 = Ak 38’ 


K .————_ 
pQn. B p Qn’ 'B’ 
and therefore = 8. A’n’p’Q'B’ 
, A’npQB 
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n the case of paved channels an attempt should be made to limit the velocity 
mall quantity above the critical velocity. 
or this the E. A. Moritz formula was used : 


v = 0-6D°5 


ing this, however, account had to be taken of the minimum flows that 
ied an appreciable quantity of detritus. 


~ Discussion. 


ir. RayMonD CaRPMAEL said that he had not been faced with Mr. Carpmael. 
peculiar problems that the Author had encountered on the 
fagasta Railway ; at the same time, he had had some years of 
rience of slips on the Great Western Railway. In Britain, as 
neral rule, the slips were what might be termed conventional, 
their treatment followed more or less conventional lines, such 
the building of toe retaining-walls, counterforts and so on. Slips 
‘a much more extensive character did sometimes occur, however, 
id might involve the movement of mountains, particularly in South 
ales, where slips involving possibly a million tons of material might 
ddid occur. The problems involved in such cases were very serious 
leed, and were perhaps somewhat akin to those dealt with in the 
er. 
He might mention one of his early experiences when dealing with 
i slip which was blocking one of the Great Western running lines. 
Je was taken down to see it by the permanent-way inspector, and, 
fer one glance at the slip, he began to make his way straight up 
e hill-side. The inspector called him back, shouting, “Tt’s down 
re, sir, down here,” to which he replied, “ I can see the effect, but 
+1 want to trace is the cause.” That cause was definitely evident 
e considerable way up the side of the hill, and was due to an 
flux of water. It seemed to him that the Author’s real difficulty 
is to locate and nullify the cause. The immediate trouble in the 
ses described seemed to be due to the enormous quantities of earth 
d stone brought down the valleys in times of spate; it would be 
ogether impracticable in extreme cases to deal directly with that 
sct, and the Author had very rightly taken steps to endeavour 
deal with the cause, high up in the valleys. 
In dealing with nearly all slips the main problem was water, 


Mr. Carpmael. 


Dr. 


Lowe-Brown. 
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and the very first step which had to be taken was to try 
intercept the water and lead it away from the moving mount 
or hill-side. "The Author mentioned—and Mr. Carpmael had had t 
same experience—that his troubles were more acute when heavy ra 
fall occurred after a period of drought. A slip which had ji 
occurred in South Wales was undoubtedly due to that cause. In tk 
case, the bulk ofa moving mountain consisted of Pennant stone, wht 
was intersected by clay seams. During the prolonged drought } 
last summer, that clay had evidently shrunk ; before the clay cov’ 
expand and the fissures close in the mortal way, the intense 
heavy rainfall which had been experienced in that part of t 
country had poured into the fissures and lubricated the clay, v 
the result that a whole mountain-side was set in movement. In} 
obvious cases there might be very thin seams of clay which becam 
lubricated merely by normal rainfall; it was essential in any ca 
therefore, that the first step taken should be to deal with the wa 
With regard to the particular problems dealt with in the aE 
he thought it would be of great interest if the Author would giy 
particulars of the annual rainfall, the lengths of wet-weather perio 
and maximum rainfalls in 24 hours, linking that information up,) 
possible, with any particularly aggressive movements. It wor w 
appear that the Author was working on the right lines in trying | 
prevent the erosion of the river-bed, the deepening of the valle 
and the consequent loosening of the toe of the hill-side, by buildi: 
walls and dams in the bed of the stream, Another of the Autho: 
problems seemed to be the sideways movement of the grov 
which would tend to close up the valley and shut in the wate 
The latter problem also confronted railways in England. If sh 
occurred in a deep cutting, sometimes both sides of the cutti 
moved. If movements were above rail-level they were compar 
tively simple to deal with, but, if they were below rail-level, the 
were generally attended by an actual lifting of the track. § wc 
problems were very hard to deal with, but perhaps bore litt 
relationship to those referred to in the Paper. 
Dr. W. L. LowE-Brown remarked that he had visited some ou ] 
railways in the northern part of the Argentine where conditions 
somewhat similar to those described in the Paper. In one case ¢ 
artificial tunnel had been built across a stream about 200 feet wi 
so that the detritus should be carried overhead, and in order to avo 
the very difficult foundation problems which would have arisen ff 
an attempt been made to span the stream with a viaduct. I 
would like to congratulate the Author on having. ‘reduced . 
comparative insignificance the troubles which - previously 
apparently threatened the existence of the line, and he felt sure ' 
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tose who had to deal with such problems in similar circumstances Dr. 
‘ould learn much from the Paper. Lome Bronte 
Since leaving the Argentine Dr. Lowe-Brown had been connected 
ith a very small railway in British North Borneo, one section of 
which was subject to occasional mud-slides somewhat of the nature 
- those described in the Paper. In Borneo, however, it rained all 

e time and the country was covered with tropical jungle, whereas 
Bolivia was a comparatively arid country with infrequent rains and 
very little vegetation. In the section of the line in Borneo where the 
trouble had occurred the railway ran in a narrow gorge; it was 
mply a pioneer development line, and the amount of traffic made it 
economically impossible to deal with the problem by methods such 
as those which might be adopted in the case, for example, of the 
Great Western Railway, mentioned by Mr. Carpmael. Instead of the 
iin coming down the comparatively gentle slopes of 1 in 10 and 


in 6, such as were referred to as existing in Bolivia, they entered 
e gorge over slopes of 1 in 3, 1 in 1, or in cascades, so that the 
medies which had proved so satisfactory in Bolivia were 

plicable in Borneo. Owing to the economic conditions to 
had referred, it was impossible to have a really 
d location for the line, which had to be placed on the very 
ow river-bank just above the normal flood-level; any extra- 
‘dinary flood was therefore certain to cause scouring and slides. 
h slides happened almost every month, but most of them were 
ly dealt with. Very serious slides did sometimes occur, but, 
unately, only at very long intervals. A very bad flood occurred 
925 which blocked the railway for a considerable time, but no 
ous trouble occurred again until 3 December, 1934. On that 
casion the slides were the worst that had ever occurred. The 
fall in October had been almost 27 inches, that in November more 
27 inches, and on several days it had exceeded 4 inches. 
ing the first three days of December there were 6 inches of rain 
one end of the line and 7 or 8 inches at the other. Those, 
oreover, were only the recorded rainfalls; no doubt the falls in 
interior were much heavier, because on 3 December a flood 


Tt was quite impossible to get near the line for about a week. The 
mbankments were nearly all washed away over a length of 20 miles, 

and then the mud-slides came down. One was of 12,000 cubic yards, 

anging in height over the line from 10 to 30 feet, while there were 

thers of smaller dimensions. 

Colonel Sir Gorpon Hearn remarked that the Author’s ex- Colonel Sir 

ari ences were somewhat similar to his own when dealing Withee phig St Hoge 


Colonel Sir 
Gordon Hearn. 
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was well shown by the fact that the side-ravines extended ak 
3 miles from the location selected ; some in the Khyber were v 
longer, but steps were taken to measure every one of them. Althou 
the location of the railway had been criticized by the Author, ¢: 
alternative method of following the contour of the hill-sides ci 
reach of the main stream in the valley appeared likely to result | 
even greater difficulties ; for example, the Potosi-Sucre line, whi: 
was being built in that way, was said to be not yet finished. a 
There was a tendency, he thought, among Members of 
Institution to think that some of those who, like himself, return 
from far-distant continents were inclined to tell fairy stories; __ 
fact, however, everything in those continents was on a much larg 
scale, and the forces of nature were relentless in their attacks x 
engineering works. In the High Andes the soil was evident; 
being denuded and the beds of the rivers were being lowere 
though it would appear from the Paper that the main stream h 
actually risen above the formation-level. He imagined that th 
condition was only temporary, but it was curious to have a brid; 
in acutting. He could not say whether the Author’s solution wow: 
be permanent, but in the present phase it seemed likely to i 
adequate for some years. | 
In the Khyber Pass some hill-sides were unstable and the detrit 
fell generally within the Author’s first category, shale debris am 
flakes, but large stones (seldom, however, as large as 4 to 6 cub: 
metres) were rolled along by the swift torrents. The condition 
described by the Author were more like those encountered in t 
Eastern Himalayas and in parts of the valley of the Gumal ri 
on the North-West Frontier. He had no acquaintance with tl 
famous Mud Gorge which lay near Quetta, but possibly othes 
would discuss it. 
It might be of interest to give some details of how the torrents i 
the Khyber were dealt with. In cases where the banks were higl 
deviations were used to reduce the cost of culverts. Those ba 
had no clay core, such as was shown in Fig. 3. It was assumed + 
they would be safe from percolation so long as the water was nc 


below that line. In cases where the bed rose at a slope of 1 in 4 
more, there was no advantage in deviation, and the flow was take 
through in a bottom culvert. The classical case, showing that 1 


assumption regarding the safety of banks was reasonable, in h 
opinion, occurred at the Tora Tigga water-course. His calculati 
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shown that some 250 square feet of waterway were required Colonel Sir 
e; but, on representations that perhaps he had under-estimated Gordo Hear. 
le amount of absorption in the bed, he consented to its being 
duced to about 110 square feet. The flood came down and 
wned the bottom culvert completely, the water rising to 15*feet 
more above the bed. The water streamed through the bank, 
ch was 40 to 45 feet in height, and rushed through the culvert, 
there was no serious damage; the bank stood. The 
maintenance engineers then increased the waterway, and he did not 
blame them for doing so. A further example was given by the 
Louth floods of 1920, when the railway embankment stood perfectly 
, although the water ran 20 feet deep or more through a road 
nderbridge. 
He could not say whether any serious damage had been experienced 
ny opening in the 10 years or so during which the Khyber 
lway had been open to traffic ; he had, however, been told that 
e had been some anxiety, owing to the water streaming out near 
toe of the bank, but that there had been no washouts. On the 
her hand, the deviation-channels and culverts were reported to 
e become silted up owing to insufficient grade having been given 
}them. He did not consider that the bed-slope of 1 in 20 which 
Author recommended was at all excessive for deviations where 
detritus was of the nature described. Probably 1 in 40 would 
e sufficed in the Khyber, because there the larger streams had a 
1-slope of only about 1in 50. He did not attach much importance 
. culverts becoming silted up to some extent, because the silt 
as soon blown out. 
He made some calculations at that time to see how much water 
guld be held up in the pocket upstream of a bank, but he had kept 
figures. Certainly such pockets would be valuable as flood- 
ators. He would be inclined to recommend the Author to 
e his retaining walls so as to create a pocket of that sort; on 
ig. 3no pocket was shown. He thought that the Author had taken 
s deviation-channel rather too high up in the bank, and there 
also the possibility that if the Author had made deviation- 
ilverts by cut-and-cover, or by using corrugated-iron tubes, that 
suld have enabled him to create a flood-regulating pocket. 
“Where every waterway presented its own particular problem, 
n estimate of the cost could be made only when details were 
vailable. He assumed for the Khyber works that the length of the 
iverts at deviations would be such as would be required for half 
e maximum height of the bank, and the estimate for the bridging 
t; had proved to be remarkably accurate. The overhead cost, 
ne to all sorts of causes which did not occur in ordinary work, 


Colonel Sir 
Gordon Hearn. 
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was perhaps more than was expected, and it might have been bette 
to take one-third of the height for determining the length of barrel 
the advantage of such deviation-culverts was, however, shown by t tk 
fact that, taking an average figure from three large works, their coo 
was about one-third of that of bottom culverts. They had Ae 
course, to be made of larger area than high-level culverts, due t: 
the lower velocity of approach. | 

Every care was taken to get good ground for the deviations, am 
a free outfall, clear of the toe of the bank, was always insisted op 
He wondered whether the Author had considered the possibilit: 
of carrying the outfall of a deviation over the intervening spur int) 
the adjoining ravine, or even possibly terminating it on the spu 
itself. In the Khyber the deviations had been cut through—in or ri 
case tunnelled through—the spurs ; in another case he had proposes 
a super-passage, but that had proved to be unnecessary, because | 
slight re-alignment took place which brought that particular torrer 
overatunnel. As the Author remarked, the construction of a paveg 
deviation-bed on a slope was not at all an easy matter. In at leas 
one culvert in the Khyber stepping-down was used. Care was et 
to see that the area of the culvert at the steps was not reduced belo» 
the theoretical area required for the discharge. . 

One of the problems still to be determined was whether a culver 
was equally effective if it were considerably longer than normal, ¢ 
whether an additional area should be allowed. For a free outfas 
there would be some reduction in water-area; possibly, however 
the increase of the surface slope might counteract the reduction i! 
the hydraulic mean depth. He believed that great trouble wai 
experienced with large deposits of silt in siphons under the Up: 
Jhelum Canal. Siphons should certainly be avoided in cases wher 
the conditions were such as the Author described. ' 


could not be, disposed to the best advantage by bates th 
downstream face. At the same time, he doubted whether th 
Author’s factors were all reliable. The weight of 140 pounds pe 
cubic foot assumed for a dry stone wall seemed to be over-estima 
Again, the weight assumed for the material retained showed tha 
only contained a little over 20 per cent. of solids. 

With regard to the question of discharge, which was dealt w: 
in Appendix III, he would draw attention to a Paper of his ow 


1 “The Effect of Shape of Catchment on Flood-Discharge.” Minutes c 
Proceedings Inst. C.E., vol. coxvii (1924), p. 267. 
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_ order to deprecate the Author’s method of estimating rainfall- Colonel Sir 
ensity by taking a period so long as 1 hour in the case of a small, © Hea 
steep catchment. He noticed that the Author allowed a factor 
of 13 for what he called “ maximum eventualities,” and possibly 
that allowed for the shape of the catchments, which certainly 
“appeared to justify such a factor. He was not familiar with the 
-E. A. Moritz formula referred to by the Author, and would welcome 
“some elucidation of it, with some account of the modifications which 
_ the Author had found desirable to allow for the detritus in suspension. 
" Mr. Conrap Gripsie said that most engineers who had to deal Mr. Gribble. 
with railway work in England had had anxious moments from time 
to time on account of slips, which generally occurred in clay cuttings 
“and embankments, but which were not due as a rule to existing 
water-channels but rather to a lack of drainage in the earthworks. 
The essence of that problem, as Mr. Carpmael had said, was to get 
‘id of the water. In the countries abroad of which such graphic 
counts had been given that evening, however, the railway had to 
ye carried safely over watercourses which, though they might be 
iry at certain periods of the year, at others were raging torrents 
of water mixed with a large amount of detritus. He wondered’ 
how far the precautionary or curative measures which the Author 
escribed could be considered to be permanent; according to the 
thor’s own description, it was possible temporarily to divert 
control the flow of material down the ravines, but it formed 
mes and heaps which in time were washed away, and it would 
pear that all that the Author could hope to do was to keep those 
forces of nature in control to a certain extent. It seemed hardly 
ossible to carry out any works which could: be considered as 
rmanent remedial measures, but in designing new railways in 
ich a country the only safe plan to adopt would be to carry the 
ne over the’ravines by means of bridges wide and high enough to 
low of the free passage of the floods. 
Mr. James Witu1aMson remarked that in one instance he had had Mr. Williamson, 
to assist in investigating a river-problem which arose from very 
similar conditions. The river, one of the north-eastern flowing 
ributaries of the Danube, rising in the Alps, carried huge quantities 
of gravel, which had to be kept moving in order to regulate it. He 
took the opportunity of finding out what was done in the upper 
regions of the river to reduce the quantity of debris brought down. 
Curiously enough, in the streams and ravines which gave rise to the 
greatest proportion of debris he found that a technique had been 
developed which was almost the same as the step-by-step type of 
masonry-wall regulation described in the present Paper. At first 
sight it might seem that that sort of regulation would only be 


3 
co 


for the following reason. When a series of masonry walls was forme: 
the first effect was to trap debris by the separate walls. Thereafte¢ 
provided the walls were substantially founded and substanti: 
poe ae there was effected a considerable flattening of tk } 


cri will be published later.—Suc. Inst. C.E. 
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INTRODUCTION. 


THE problems of the construction, maintenance and working of 
ports are, for Italy, of especial importance, as a result of certain 
geographical and structural features of the country ; these, on the 
one hand, have led to the necessity for very numerous ports, and 
on the other hand, have made their study very difficult, and, in the 
majority of cases, their construction very costly. 

Italy, with its 8,500 kilometres of coast-line compared with 1,920 
kilometres of Alpine borders, and with an area of 410,000 square 
kilometres, can be considered rather as an island than as a peninsula, 
the proportion of coast-line to territory being 1 kilometre length for 
36 square kilometres in area, as compared with the following figures 


— for other countries : 


Great Britain. =... « . «2-<4,00 16-4 
Mine oe eee LAO LIL 
Gera ee ee oe to IDL) 
a A ele OES cial UE 144°3 


The result of this high proportion of coast-line to territorial area is 


that the greater part of the foreign commerce of Italy must necessarily 
travel by ocean routes, and hence through the various ports. In 
addition, the lengthened shape of the peninsula, its most pronounced 
mountainous conformation, which renders particularly difficult 


internal communication by road—especially between the Tyrrhenian 


sea and the Adriatic—and also the inadequacy of river-transport, 


have developed sea-routes for internal exchanges between various 
towns. 
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On account of these characteristics of the coast, sparsely endowed 
with naturally protected and adaptable harbours, and the hydro- 
graphical features of the sea, which is almost tideless, Italian ports 
are nearly all artificial and built outside the coast-line; that is, 
constructed to enclose a greater or lesser sea surface by means of 
artificial breakwaters of great size. There are a very few ports, 
almost exclusively used by the Royal Navy, such as Spezia, Taranto, 
Augusta and Pola, which have been adapted from natural roads, and 
there are numerous minor ports situated in the lower waters of 
certain rivers. There are, however, only two examples of internal 
ports, that is, ports excavated inside the coast-line: Port Marghera 
at Venice and the new port of Leghorn. 

Under such circumstances, outer harbour-works assume a very 
great importance in Italy, and consequently it is easily understood 
why they have constantly formed an object of particular study and 
why they present the most varied forms in relation to the various 
characteristics of the different localities. Very often, on account of 
the conformation and nature of the coast which, in Italy, consists 
largely of sandy beaches, the ports must be protected not only against 
storms but also against silting up wherever the littoral drift is 
pronounced. 

There are about a hundred ports under the administration of the 
State, as well as numerous others, of lesser importance, under the 
administration of their respective municipalities; their number, 


combined with the small traffic at many of them as the result of 


their limited hinterland, and conversely the remarkable technical — 
and economic importance, in almost all cases, of their works, explains 
why, notwithstanding the care taken for the improvement of the 
ports, such improvement was not, until about 30 years ago, 
sufficient for the needs of the country. 

In the immediate pre-war period of 1913, Italian maritime traffic 
had reached the totals of three-and-a-quarter million passengers and 
32,000,000 tons of merchandise loaded and unloaded annually at all 
the ports of national importance ; in spite of this, only 27 kilometres 
of wharves were provided which were useful for commercial opera- 
tions, and approachable by ships of a medium or heavy tonnage. 
Of this total about one-half were still unprovided with railway sidings 
and any kind of equipment, whilst the remainder were provided with 
little more than two hundred mechanical devices for the loading and — 
unloading of goods. 

Nor did the situation noticeably improve when the depression of 
the years immediately following the war (in 1920 the mercantile 
traffic was reduced to 18,500,000 tons) was followed by a revival 
of trade with a rapid increase in the tonnage handled, which brought — 
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“4 the total, in 1929, to little less than 39,500,000 tons of goods. Rather, 
(3 it can be said that, even with the reduced commercial trade, the 
ie deficiencies had become, about the year 1920, still more noticeable, 
oa especially on account of the enormous progress which had taken 
e place in naval construction with the entry into service of cargo and 
KA passenger ships larger and faster than their predecessors. 
be The Fascist Government immediately took into account the 
a urgent necessity for improving the conditions of the maritime ports 
_ so that they should not be deprived of those types of international 
_ trade which, revived by social and political peace, gave signs of 
rapid development. However, with the object of achieving the 
maximum results with the means at their disposal, the Government 
__ wished above all to satisfy the needs of the leading ports, as repre- 
- senting the real driving-forces of the economy of maritime transport, 
_ without neglecting the lesser ports. 
— In this manner, in little more than twelve years after 1922, the 
- leading ports have made really satisfactory progress. The port of 
- Genoa has been completely renovated as regards its old accom- 
- modation, and considerably extended by the creation of new 
_ commercial basins. The result has been that its possibilities have 
_ been doubled by means of considerable works and facilities, which 
_ have meant an expenditure of more than 400 million lire. The port 
- of Leghorn has also been improved and extended by the excavation 
- of new internal basins, provided with an industrial zone, at a 
cost of nearly 85 million lire. The harbour of Naples has been 
completely remodelled by the creation of new basins and the 
construction of particularly important works, such as a new maritime 
station and a large graving-dock. A grant of about 300 million 
lire for this work has now been very largely spent. The old port of 
_ Venice has been considerably improved, and a new commercial and 

industrial port has been created, necessitating the expenditure of a 

sum of little less than 200 million lire for the harbour-works alone, at 

the expense of the State. At Trieste many of the old works have been 
~ consolidated, and the port facilities have been completed with the 
expenditure of 150 million lire. 

While these are the principal achievements, many other provisions 
have enabled the condition of several other minor ports to be 
_ improved. The results of these few years of hard work are shown 
by the following figures : eighty-five ports have been greatly 
improved; more than 33 kilometres of protective outer works, 
- frequently of great size, have been erected to shelter about 700 
hectares of new basins; about 40 kilometres of quays, in water of | 
varying depths, have more than doubled the berthing-frontage 
available for commercial purposes, while the land available for 
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factories and warehouses within the ports has been increased by 
300 hectares. The ports, as regards facilities and equipment, have 
also been renovated : more than two hundred new machines for the 
loading and unloading of goods have been installed ; new transit- 
sheds and warehouses over an area of about 100,000 square metres, _ 
and several large wharves for the landing of passengers, have been 
constructed, such as those at the ports of Genoa, Naples, and Trieste, — 
which, until 10 years ago, had very little accommodation of this — 
type; new dry-docks for ships of the largest tonnage are either 
under construction or completed ; finally, the depth of the harbours 
has been improved by means of a total volume of dredging of about 
20,000,000 cubic metres. All these works have been executed in 
the last 12 years, at an expense of little less than 2,000 million lire. 

In the next portion of the Lecture I shall describe briefly the © 
leading Italian ports, and then I shall touch upon their special 
features, dealing more particularly with the evolution that has 
taken place, in Italy, in the field of outer protective works— 
which have to be considered as the most important of all harbour- 
works—and with the latest studies carried out in Italy on this 
subject. 


SUMMARIZED DESCRIPTION OF THE LEADING Ports. 


(1) The Port of Savona, situated on the western shore of the 
Ligurian Gulf, owes its significance to the import of coal. A 
particular feature is a special wharf for unloading coal, connected _ 
with a rope-way 18 kilometres long, allowing the transport of 1,200,000 — 
tons of coal yearly from the port to the San Giuseppe railway station, 
_ beyond the Cadibona Pass on the Apennines, 300 metres above the 

sea. 

(2) The Port of Genoa (Figs. 1, Plate 1), on which much information — 
has been given by my friend and colleague, Dr. Brysson Cunningham,! _ 
has been improved to a very great extent in the last few years. 
Its total traffic has reached, in 1928, a maximum of about one 
hundred and fifty thousand passengers and 8,500,000 tons of goods. 

Mainly exposed to the storms coming from the south or south- 
west, with waves exceeding 6 metres in height, the harbour is at 
present protected by three outer works, namely the Prince Umberto 
and Galliera moles, nearly parallel to the coast and having a length 
of about 4,700 metres, and two secondary breakwaters ; the latter 
are the lee breakwater and the Umberto Cagni mole, forming the — 
boundaries of the port on the western and eastern sides respectively. — 


* Engineering, vol. cxxxix (1935), p. 133. 
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The whole water-surface enclosed is about 349 hectares, subdivided 

. into four principal basins. (a) The outer harbour, with depths of 
from 10 metres to 20 metres, in which are a small basin for the 

reception of pleasure craft and a group of three dry docks, close to 
which a fourth one, 350 metres long, 40 metres wide and 12-50 metres 
= deep on the entrance sill, is now under construction. (6) The old 
inner harbour, in depths ranging from 10 metres to 12 metres. (c) The 
Victor Emmanuel IIT Basin, communicating with the outer harbour 
by means of an opening 100 metres wide through the Galliera mole. 
(d) The Benito Mussolini Basin, to the west of the previous basin. 
Both the latter basins have minimum depths of 12 metres. The 
“inner harbour is bordered by about 10 kilometres of quays, equipped 
__ with one hundred and twenty cranes of various lifting-powers and 
adjoining 52-5 hectares of available land. In the centre of this 
basin two piers provide very extensive accommodation for overseas 
‘passenger traffic. ‘The Victor Emmanuel III Basin, specially 
“intended for coal imports, affords 3,170 metres of berths, equipped 
with forty elevators allowing a discharge of 50 tons of coal per hour 
~ each, and provided with 38 hectares of available land. The Benito 
- Mussolini Basin will include, when it is finished, five large jetties 
with a total of 5,300 metres of quays and 75 hectares of land. 
'  A-system of electrified railway sidings connects all the quays 

with the different trunk lines, to which there will be shortly added 
a main trunk road, 50 kilometres long, joining the port with the 
“two main roads in the Po valley, from Serravalle Serivia towards 
- Turin and Milan. 
_ The quay walls are generally of the artificial-block type, except 
"for a few short sections of quays constructed under compressed air 
” or with reinforced-concrete caissons filled with pozzuolanic concrete. 
The outer protection-works are of the mixed type, with a vertical 
wall of cellular or cyclopean blocks, founded on a rubble mound, 
except for 800 metres of the old Galliera mole, which has a structure 
of the sloped type. 
(3) The Port of Leghorn (Figs. 2, Plate 2) consists at present of 
~ two adjoining harbours : (a) the old Mediceo Port, covering a water- 
area of about 42 hectares, enclosed between two converging moles-~ . 
the Mediceo mole and the straight breakwater (Diga Rettilinea)— 
protected on the south by the Vegliana breakwater (Diga della 
-Vegliana) and sheltered against the prevailing storms from the south- 
west by the curved breakwater (Diga Curvilinea) ; () the new port, 
excavated within the shore-line to the north of the old port, with 
a total water area of 45 hectares 9 metres deep, opening into an 
outer harbour covering @ surface of 22 hectares. This new harbour 
is protected on the north by the Marzocco breakwater (Diga del 
a 
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Marzocco), and on the south-west by the Meloria breakwater (Diga 
della Meloria). :: 
The old harbour, which, in 1929, had to deal with a maximum — 
traffic of 2,150,000 tons of goods, is provided with 4,500 metres of © 
quays, having a maximum draught of water of 8:50 metres, and is | 
equipped with four coal-elevators, twelve electric cranes and a 
special transporter, of 30 tons lifting-power, for loading marble. 
The new harbour, capable of further extension, is at present provided 
with 1,800 metres of quays founded 10-50 metres below sea level _ 
and 1,300 metres of quays in a depth of 4 metres specially intended _ 
for inland navigation. Two special inner basins are annexed to the _ 
‘new port, one for the landing of mineral oils and the other reserve d } 
for naval construction. An industrial zone covering 100 hectares, 
served by a canal 9 metres deep, adjoins the new harbour. The two 
harbours are joined together by means of inner canals in connection _ 
with a canal joining Leghorn with Pisa. They are provided with a 
total of 60 hectares of land for commercial purposes. 
The quay walls of the old harbour are generally of the artificial- _ 
block type; those in deep water and in the shallow water of the 


sloped type, with a structure of rip-rap artificial blocks in the curved { 
breakwater (Diga Curvilinea), and of plain rubble, or of rubble _ 
faced with artificial blocks, in the others. 
(4) The Port of Civitavecchia owes its importance to its proximity — 
to Rome and to its functions as a terminal for maritime communica- _ 
tion between continental Italy and Sardinia. | 
‘Since the end of last century, the old Roman port has been 
thoroughly remodelled and extended, and at the present date — 


comprising the construction of a new commercial basin, the lengthen- _ 
ing of the main breakwater, and the construction of new quays in — 
deep water in the old basins. 

(5) The Port of Naples (Figs. 3, Plate 3) owes its great importance. 
besides its trade in merchandise, which reached in 1928 a maximum — 
of 2,670,000 tons, to its exceptional passenger traffic, which is larger 
than that of any other Italian port, and which reached a maximum — 
of one million, three hundred-thousand passengers in 1925. 

Mainly exposed to the storms coming from the south-west, with 
waves which rarely exceed 4 metres in height, the harbour is protected 
by a succession of outer works, having a total length of about 
4 kilometres: the San Vincenzo mole, recently extended by a new 
detached arm; the outer wall (Antemurale), leaving an entrance 
300 metres wide between its southern head and the new arm of the 
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ae Vincenzo mole, in from 35 to 42 metres of water, facing the east- 
ca outh-east ; and the Granili breakwater (Diga ai Granil), running 
_ from the northern extremity of the outer wall (Antemurale), parallel 
~ to the shore, and affording another entrance to the port, in from 10 to 
20 metres of water, facing the south-east. These two entrances lead 
to a main outer harbour, having a surface-area of about 90 hectares, 
_ and to an easterly auxiliary outer harbour, having a surface of about 
_ 28 hectares. 

_ Five distinct basins are provided for commercial movement: 
(a) The Beverello Basin, with a water-surface of 20 hectares 12:5 
metres deep, enclosed between the first arm of the San Vincenzo 
‘mole and a large jetty parallel to it, used by the largest ocean liners. 
(b) The old mercantile port, covering a water-area of about 50 hectares 
“from 4 to 13 metres deep, having in its central part a trapezoidal 
jetty providing accommodation for the national mail service. 
‘(c) The Graving-Docks Basin, of about 6 hectares of water-surface 
11 metres deep, serving both the maritime traffic and two existing 
dry docks, in addition to which a third and larger one, with a double 
‘entrance, 321 metres long, 40 metres wide and 13 metres deep on 
he entrance sill, is now under construction. (d) A special basin for 
- timber and coal traffic, with a water-area of 15 hectares 11 metres 
- deep. (e) The new mercantile port, with a water-area of 50 hectares 
from 10 to 20 metres deep. The whole of the port is provided with 
8,000 metres of quays, all served by railway sidings and equipped 
ith four coal-elevators and thirty-five electric cranes of various 
lifting-powers. 

_ The quay-walls are generally of the artificial-block type, with the 
_ exception of a few sections of new quays of the caisson type, founded 
in some cases by compressed air. The San Vincenzo mole is of . 
the old rubble sloped type with a facing of artificial blocks, while 
all the other outer works are of the mixed type, having the vertical 
_ wall formed, in the case of the outer wall (Antemurale), by ordinary 
artificial blocks, in the case of the Granili breakwater (Diga a 
Granili) by cellular blocks, and in the case of the new arm of the 
San Vincenzo mole by cyclopean blocks. 

a (6) The Port of Cagliari, situated on the eastern coast of Sardinia, 
~ covers at present a water-area of about 100 hectares, but the com- 
mercial basin is still confined to the innermost part of the harbour, 
sovering only 34 hectares of water-surface. 

_ he layout of the remaining area, intended to form a new 
‘commercial basin, has not yet been designed ; but a small harbour 
has been constructed on the south-east of the present commercial 
pasin, for the loading of salt from the adjoining salt-marshes. _ 
(7) The Port of Palermo (Figs. 4 and 4, pp. 472 and 473), which is 
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exposed to winds from between north and east, covers a water area of ’ 
96 hectares, sheltered by two converging breakwaters known as the : 
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north entrance and to protect the south one in a more satisfactory 
manner by lengthening the breakwater towards the south-east. ei 
The whole water-surface is divided into three basins: the North 


Fig. 6. 
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1,500 metres of quays; the South Basin, with a mean depth of 
7 metres bordered by 1,500 metres of quays; and the Central Basin, 
9 metres deep, equipped with 1,800 metres of quays. 

In all, this port, which had to deal with a maximum traffic of 
about one hundred and seventy-five thousand passengers and 
_ 1,127,000 tons of goods in 1930, is provided with about 2,000 metres 
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d to be reconstructed after the earthquake of | 
are now under construction _ 


Many old quays ha 
1908, and some new ones, in deeper water, 
on special anti-seismic lines. 

(9) The Port of Catama (Figs. 6, 7, 8 and 9), situated on the 
eastern coast of Sicily, is mainly exposed to winds from between 
east and south-east which, blowing over a fetch of more than 900 — 
miles of open sea up to 4,000 metres deep, may cause very violen 
storms, with waves exceeding 7 metres in height. 

The harbour consists of an artificial basin with a water-surface 
of 66 hectares, protected by a main east breakwater running from _ 
north to south with a total length of 1,860 metres, and by a return / 
south breakwater, leaving between its head and the inner front of 
the east mole an entrance 250 metres wide, and from 10 to 16 metres — 
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deep, facing south. In the inner basin there are 3,000 metres of 
quays with a depth of water of from 7 to 10 metres, provided with 
15 hectares of land. The traffic of the port had reached, in 1934, a 

maximum of 700,000 tons of merchandise. : ; 
The structure of the east mole is, in its old part 1,120 metres long, 
of the rubble-mound type faced by artificial blocks deposited 
pell-mell ; its remaining length had been designed, and was for a 
great part actually constructed, on the mixed type, but it was 
destroyed by a terrific storm on 26 March 1933, and is now under. 
reconstruction in the rubble sloped type. The south mole is ale: 
ot the sloped type, and the quay walls are of the artificial-block 
ype. -- 
| +7 
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_ (10) The Port of Bari (Figs. 10, Plate 3), situated on the Adriatic 
coast, has a particular significance through the advantage of its 
Us - geographical position, enabling it to be an important terminal for sea- 
- traffic between Italy and the Near East. 

! In view of such a favourable situation, the old port has been 
| extended to a water area of 230 hectares, of which the first section 
_ of the new quays in deep water is now under construction. 

(11) The Port of Ancona is the only important landing place in 
the middle Adriatic. It consists of an artificial basin of 70 hectares 
_ water-surface enclosed between two converging moles, which are 
now to be lengthened in order better to protect both the entry and 
_ exit of vessels, and ensure the smoothness of water in the inner basin. 
(12) The Port of Ravenna (Figs. 11 and 12). The only important 
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~ example, in Italy, of a seaport situated inside a channel—the traflic 
of which reached in 1931 a maximum of 430,000 tons of merchandise 
owes its efficiency and its depth of about 5 metres to the existence 
_ in the vicinity, and in direct communication with it, of certain lagoon 
marshes, called pialasse, which store the sea-water during the flood- 
tide and return it to the sea during the ebb-tide. The local mean 
_ range of the tide being 0-74 metres, this serves to maintain the 
excavated channel. 
The port consists of three parts, namely : the Darsene, or basins, 
near the city of Ravenna, with a water-area of 3-6 hectares; the 
Corsini canal, 10 kilometres long, between the city and the sea, 
q having a surface of 43 hectares, and the harbour at its mouth, called 
the port of Corsini, covering a water-area of 8 hectares. The harbour 
entrance is formed and protected by two parallel moles, 40 metres 
apart, which stretch seaward in the east-north-east direction for a 
length of about 600 metres, the depth of water being 5-50 metres at 
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_ the Ravenna Basins and 1,090 metres are at the port of Corsini. 

is The structure of the moles is of the cofferdam type, partly of 
_ timber and partly of reinforced concrete, filled with rubble and. 
re protected on the outer side by a rubble apron. The quay-walls are 
_ partly of masonry or artificial blocks founded on timber piles, and 
_ partly of reinforced concrete. 

(13) The Port of Venice (Figs. 13, 14 and 15), with a traffic of 
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_ fifty-seven thousand passengers and 3,730,000 tons of merchandise in 
1934, ranks second amongst the Italian ports after Genoa, and it 
may also be considered to be of particular importance with regard 
to its physical, hydrographical and technical characteristics, which 
different from all the other ports. The port, as is well 
is situated inside the historical Lagoon, covering a surface 


Pa 


482 CAGLI ON ITALIAN DOCKS AND HARBOURS. _ 


The tide, which at Venice has a range up to a maximum of abo 2 
2 metres, exceeding by far the range of tide at any other part of the 
Italian coast, largely contributes, by its flow and ebb currents, te y 
the maintenance of the salubrity and existence of both the lagoon 
and the city. ‘Pa 4 

At present, the port of Venice consists of two distinct parts : the 
old portion, called the Maritime Station, on the eastern borders of the 
city, and the other, known as Port Marghera, constructed during | 
recent years along the margin of the Lagoon, on the mainland ; | 
the latter is much more extensive than the Maritime Station. 


Fug. 15. 
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_ The basins of the Maritime Station, having a total water-area of 
about 50 hectares bounded by the east and west moles, and the 
quays along the Giudecca canal, afford 4,436 metres of berths, 
of which 3,940 metres have depths of from 8 to 11 metres. They are 
provided with about 50 hectares of land and are equipped with sixty- 
three cranes having a total lifting-power of 209 tons. The quay-— 
walls are of different types, in accordance with the different depths, 
soils and periods of construction. Some of the oldest walls are of 
concrete deposited within cofferdams, others are of the artificial-block 
type, or are founded under compressed air, while the most recen 
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ones, in depths of from 10 to 11 metres, are founded on reinforced- 
concrete caissons. 

It was at the beginning of this century that, having regard to the 
rapid increase in the traffic, it was decided to take into consideration 
the problem of radically extending the port, in order to ensure its 
efficiency for a considerable time. After many years of investigations 
and discussions, I succeeded in obtaining the adoption of a layout 
_ planned by myself, and intended for the creation of anew commercial 
_and industrial port on the margin of the Lagoon, as the only means of 
securing to Venice a suitable extension of the commercial harbour, 
_an area large enough to accommodate any number of industries— 
thus contributing to the necessary revival of the economic life of the 
 city—and a new town quarter, urgently needed for the demographic 
_ expansion of the city ; all this could be obtained without causing any 
_ harm either to the Lagoon or to the natural beauty and monumental » 
character of the “‘ Queen of the Adriatic.” 

_ The design of Port Marghera covers a total area of about 2,000 
_ hectares of swamp and lowland, having a front of 5 kilometres 
_ with an average width of 4 kilometres. In the scheme, the new 
commercial port covers—pending further extensions—a strip towards 
the Lagoon 1,500 metres wide, affording room for the construction 
of eight large jetties 1,000 metres long and 220 metres wide; this 
_ provides no less than 18 kilometres of berth frontage, available for 
a yearly traffic of from 12 to 15 million tons of merchandise. The 
first group of works, now nearing completion, concerns a commercial 
basin specially intended for the import of coal, with a depth of 
- 9 metres (capable of being increased to 10 metres), bordered. by 
1,630 metres of quays, and amply provided with railway sidings and 
- modern mechanical equipment, so as to deal with a yearly traffic of 
1,500,000 tons. The quay-walls constructed up to now at Port 
_ Marghera are either of the well-foundation type or of the artificial- 

block type. 
The access to Port Marghera from the Maritime Station is 
obtained through the Victor Emmanuel III canal, 4 kilometres 
_ Jong and 10 metres deep, with a bottom width of 90 metres, ending 
in a swinging basin to which all the other basins and canals of the 
new port converge. The new port is also connected, by a canal 
8 metres deep for inland navigation, with the Brenta canal, which 
_ joins the Lagoon of Venice with Padua. At two-thirds of the way 
down the Victor Emmanuel canal there is the petroleum harbour, 
~ consisting of two basins and a reclaimed area of 40 hectares, occupied 
by several plants and factories for the storing, cracking, and refining 


of mineral oils. 
‘The industrial zone, which, up to now, has been extended to a 
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reclaimed area of about 1,200 hectares, is provided, besides the — 
necessary roads and railway sidings, with a vast network of ship- 
canals, generally 100 metres wide and 9 metres deep, which at present _ 
have a total length of 8 kilometres with 14 kilometres of berth- 
frontage, along which about forty factories have already been built. 
In all, there are at present in the industrial port seventy-four 
plants and factories of different kinds in operation, varying in 
importance and size and covering a total area of 3,400,000 square 
metres. These give work to eight hundred administrative staff and _ 
six thousand five hundred workmen. a 
Finally, an area of 150 hectares, adjoining the industrial port 
and suitable for further extension, has been reserved for a new 
building quarter, which, laid out as a garden city, will afford healthy 
and comfortable accommodation for about thirty thousand in- — 
habitants. 
(14) The Port of Trieste (Figs. 16, Plate 4) has a water-frontage of — 
over 10 kilometres divided into two parts by the Sant’ Andrea © 
Point, and consists of three main basins and of a number of landing- — 
places and wharves reserved for special traffic or private industries. — 
The three basins are: the Victor Emmanuel III Basin, of about 
19-5 hectares water-area, with the adjoining Customs Basin, of about — 
the same size, both situated in front of the city, and the Duke of — 
Aosta Basin, with a surface of 13 hectares, south of the Sant’ Andrea 
Point, at the entrance to Muggia Bay. Beyond the latter basin, 
after a coast section covered by shipyards, there is a timber wharf, 
followed by a steelworks wharf intended for the berthing of ships 
transporting iron-ore and coal, and by the San Sabba Basin for 
traffic in inflammable liquids. . 
The total water-area of the various basins is of about 86 hectares, — 
the available land covers an area of about 28-5 hectares, and the © 
total length of quays and wharves available for commercial purposes 
is 12,052 metres, of which total 3,758 metres are provided with quay- 
walls in deep water. The mechanical equipment of the port consists 
of one hundred and thirty-nine cranes, having a total lifting-power 
of 290 tons, and the warehouses cover a total area of 350,000 square 
metres. A large maritime station for overseas passenger traffic, 
covering an area of 43,120 square metres, has been constructed in 
the last few years. The whole of the commercial movement reached, 
in 1929, a maximum of one million, two hundred and ten thousand 
passengers and 2,860,000 tons of goods. : 
The protective works of the port, which is exposed to only moderate — 
seas from the south-west and north-west, are a breakwater of the — 
sloped type, 1,090 metres long, sheltering the Victor Emmanuel 
ITI Basin, and three breakwaters of the mixed type, with a vertical 
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_ wall of ordinary artificial blocks, sheltering the Duke of Aosta 
_ Basin and having a total length of 1,600 metres. The quay-walls are 
all of the artificial-block type, founded on a rubble mound, which is 
~ very high at some points, owing to the muddy nature of the 
_ bottom, or to the great depth of water, which in some cases is 
_ nearly 30 metres. 


CHARACTERISTIC FEATURES OF FUNDAMENTAL Port-WorKS. 


_ _ It is assumed that the term “ fundamental port-works ”’ refers to 
| the quay-walls and the outer protective works. As for the quay- 
- walls, the prevailing type still employed in Italy is the traditional 
_ pattern of contiguous piers of artificial blocks of pozzuolanic concrete, 
generally founded on a rubble mound. 
_ With the exception of the modifications successively introduced 
- in the profile and size of the quay-walls, in accordance with the 
__ varied forms and increased dimensions of ships, the only progress 
_ realized in the application of such types of wall consists in the using 
| of blocks of greater and greater size, with the object of reducing 
both the time and the cost of construction. Such progress has 
been made possible by the construction of more powerful floating 
_ lifting-apparatus, in order to fulfil the growing requirements of the 
_ building of breakwaters of the vertical type. . 
In the more recent quays, constructed, for instance, at Genoa, 
- and in those now in course of construction at the new port of Bari, 
" which are founded at a depth of 11-50 metres and 10:50 metres 
respectively (Figs. 1, Plate 1, and Figs. 10, Plate 3), the quay-walls 
are composed of only three layers of artificial blocks, weighing up 
to 210 tons and 230 tons each. In the case of Bari, the two upper 
- layers are made of the same cyclopean blocks used in the construction 
_ of the main outer breakwater, each divided into two parts. 
Ima few cases, where new quays were to be built in the immediate 
vicinity of other existing structures, like those required for the 
construction of the new maritime stations at Genoa and Naples 
_ (Figs. 1, Plate 1, and Figs. 3, Plate 3), the new quay-walls have been 
built in compressed air. In other cases, where new basins have had 
to be excavated inside the coast-line in loose ground very little above 
sea-level, the quay-walls have been constructed before the opening 
of the basin, the well type of foundation being used. This is the 
ease with the south quay of the first commercial basin of Port 
- Marghera at Venice (Figs. 14), and of the quay-walls at the new port 
of Leghorn (Figs. 2, Plate 2), with the exception that at Port 
_ Marghera it has been necessary, owing to the great permeability 
_ of the ground, to sink the walls partly by the aid of compressed 
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air. Again, in a few cases where sites for block-yards were defective, 
the quay-walls have been built of reinforced-concrete caissons, filled 
with pozzuolanic concrete. That is the case of several quays at the 
ports of Genoa, Naples, Cagliari and Venice (Maritime Station). 

As for the quay-walls in shallow depths not exceeding 6 or 7 metres, 
the traditional type of mass concrete deposited within cofferdams 
has, in some instances, such as at Port Marghera and at the new 
port of Leghorn, been replaced by reinforced-concrete sheet-piles 
of the Coignet-Ravier system. ; 

Finally, there are in Italy a great number of piers and wharves 
founded on reinforced-concrete piles, sometimes grouped together, 
as in the case of several wharves at Port Marghera (Fig. 15), into 
a reinforced-concrete cylinder filled with pozzuolanic concrete, in 
order to protect the piles both against shocks and also from the 
chemical action of sea-water. 

But it is in the field of protective outer works that the most 
important evolution has taken place during the last 30 years in 
Italy, passing from the old sloped type of rubble mound, sometimes 
revetted by artificial blocks, to the vertical or mixed type. 

The origin of the construction, in Italy, of the mixed type of pro- 
tective outer work may be traced back for 40 years. At that time 
I had the opportunity, while on a scientific mission in the United 
Kingdom, to visit a great number of British ports, and I gave particular _ 
attention to breakwaters of the vertical or mixed type, chiefly 
at the ports of Dover, Sunderland, Tynemouth, Aberdeen, Peterhead, 
and Wick. 

As a matter of fact, it was in studying such works that I became 
convinced that, by employing suitable systems of construction, 
the advantages of the vertical-wall type of breakwater could be 
realized in the tideless waters of the Mediterranean Sea, as well as 
on British shores where the large range of tide allows a fair portion 
of the work to be built in the dry at low tide. In the vertical-wall 
type of breakwater, the waves are reflected towards the offing instead 
of dissipating the full amount of their energy on the wall. I am, 
therefore, greatly indebted to Britain for the knowledge thus 
acquired, which enabled me to propose for the first time, in 1896, — 
the spina of the vertical type of breakwater to Italian harbour- 
works, 

Four years later, when resident engineer at Naples, I had the 

' opportunity of planning the first application of the new type of outer 
work for the construction of the outer wall (Antemurale) (Figs. 3, 
Plate 3), which was soon afterwards followed by several other 

, applications, chiefly at the ports of Castellammare di Stabia, Salerno, — 
Villa San Giovanni, Trapani, Savona and Cagliari, . 
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All such cases were examples of works which were only moderately 


_ exposed, and for which it had been possible to construct the 
_ vertical wall from a solid mass of trimmed artificial blocks of ordinary 
shapes and dimensions, which were set by divers. There were already, 
however, thoughts of extending the application of the new type to 
_ more important and much more exposed works, and using structures 


consisting of much larger and heavier units. I pointed out, however, 


_ in 1905 at the 10th International Navigation Congress at Milan, that 
- the systems of large monoliths generally used up to that time in the 
_ construction of a certain number of works of the mixed type abroad, 
such as those at Bizerta and Zeebrugge and at several Russian ports 


on the Black Sea, did not sufficiently fulfil the fundamental principles 


i followed in Italy; this has been fully confirmed by experience. 
- At the works mentioned, the wall had been constructed of huge 
monoliths formed of metallic or reinforced-concrete caissons filled 


in with concrete. I maintained at the time that such systems 
required to a large extent to be perfected, with a view mainly to 


reducing the difficulties of constructing and setting the monoliths, 
both in order to give the latter a more homogeneous structure in 
_ which there would be no material liable to deteriorate in salt water, 
and also to avoid the dangers that could easily arise from the sudden 


load of such enormous monoliths on a high rubble mound, even if 


built in accordance with the best principles. 


The drawbacks so foretold were not long in being confirmed by 
the accidents that occurred shortly afterwards to several of these 
structures; accidents that should be ascribed either to building 
defects or defective profile and constitution of the rubble base, or to 
insufficient depth adopted for the foot of the wall, or, again, to 
excessive length of the monoliths. 

Since then, constructive units have been sought which, whilst 


attaining the requisite degree of homogeneity in their structure, 


would enable those drawbacks which were inherent in huge monoliths, 
and which experience had confirmed in so striking a manner, to 
be avoided. 

While pursuing the research in this direction a few years later, it 
was proposed, for large breakwaters in deep water which were exposed 
to rough seas, to build a structure of adjoining and independent 
piers, 5 or 6 metres long in the longitudinal direction of the work, 
each formed by the superimposing of a certain number of cellular 
blocks of a length equal to the thickness of the wall. These blocks 


were to be provided with large inner hollows, in order both to increase 


the apparent volume of the blocks as compared with their weight, 


~ and also to afford the means of joining together the blocks of each ~ 
’ - pier into a single monolith, by filling with concrete the wells resulting 
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from the superimposing of the hollows. The horizontal joints — 
between the blocks were to be fitted with suitable packing, either of _ 
lead or of vegetable fibre, in order both to ensure the better bedding of 
each block on to the lower one and also to make the joints water- 
tight ; this was for the double purpose of getting a better result from 
the grouting of concrete into the wells, and of reducing to a minimum, 
if not wholly eliminating, upward dynamic pressures. | 

This system, first tested in an incomplete form in the construction 
of the Granili breakwater (Figs. 3, Plate 3) at the port of Naples, 
was fully adopted a few years later at the port. of Genoa in the 
construction of a section of the breakwater sheltering the Victor 
Emmanuel ITI Basin, and also in the lengthening of the Galliera mole, 
by making the vertical wall (Figs. 1, Plate 1) of blocks of the 
apparent volume of 260 cubic metres and of an individual weight of _ 
220 tons. 

This first complete application of the new type of structure, — 
while giving results that appeared, from the point of view of stability, 
to be entirely satisfactory, was not long in showing some drawbacks. _ 
These all resulted from the dimensions of the internal wells being 
too great, which weakened the blocks too much and exposed them, © 
if an unexpected storm occurred before the wells were filled, to 
serious risk of damage. In addition, it had been noticed thatthe 
pouring of concrete into such vast hollows did not give sufficiently 
satisfactory results. 

The ascertaining of these drawbacks, and the progress made _ 
meanwhile in the building of floating apparatus that could easily 
lift several hundreds of tons, led me to propose, towards the end of 
1922, that cyclopean blocks should be substituted for the cellular 
blocks. The hollows were retained, but their dimensions were 
sufficiently reduced to eliminate all the above-mentioned drawbacks, | 
while still permitting the connection of the units of each pier into a 
monolith. Furthermore, I formed the opinion that, in the case of 
works which were not unduly exposed, it might even be possible to 
avoid any hollow, using solid blocks of sufficient weight individually 
to give them the requisite resistance. These suggestions having 
been favourably received, the system of cellular blocks was aban- 
doned, and was replaced by a structure of cyclopean blocks for the 
outer works either planned or in course of construction at Genoa, as 
well as for those successively planned for other ports, chiefly at 
Catania, Palermo, Bari, and Benghazi. : 

In the Prince Umberto mole at Genoa (Figs. 1, Plate 1), which is 
fully exposed to the prevailing storms coming from the south-south- 
west with waves which may exceed 6 metres in height, the vertical — 
wall, having its foot at 11-5 metres below the mean sea-level, is of solid 
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ze eyclopean blocks, of an individual weight of from 300 to 350 tons. 
2 The wall has a thickness of 12 metres, increased at the base to 
13-5 metres; its outer foot is protected by an apron of artificial 
_ blocks of dimensions 5 metres by 3 metres by 14 metre. The outer 
bench of the rubble foundation is 11 metres wide and its side slope 
- is inclined at 1in 2. Of the four blocks forming the piers, only the 
_ two upper ones are joined together by means of four small cavities, 
_ which were provided in the opposite faces of the two blocks and were 
- filled with concrete after the blocks had been set. 
_ In the new arm of the San Vincenzo mole at Naples (Figs. 3, 
| Plate 3), which is exposed to the prevailing south-westerly storms, 
with waves rarely exceeding 4 metres in height, the wall, 12 metres 
thick and founded at a level of —11-50 metres, consists of piers of three 
eyclopean blocks having an individual weight of 410 tons, which 
are joined into a monolith by filling with concrete two square wells 
; with 1-80-metre sides ; I still consider these wells to be of excessive 
- size. The outer foot of the wall is protected in this case by a line of 
_ artificial blocks of dimensions 5 metres by 3 metres by 2 metres ; 
- the outer bench of the rubble foundation is 11 metres wide and its 
slope is inclined at 1 in 2. 

In the new outer breakwater at Bari (Figs. 10, Plate 3), the second 
arm of which is fully exposed to the prevailing storms arising from 
- east-north-east with waves of a maximum height of about 4 metres, 
| the vertical wall, 10 metres thick and founded at a level of —10-30 
- metres, is made of cyclopean blocks, similar to those at Naples, 
@ 3 having an individual weight of 320 tons. The outer toe of the 
- wall is protected by an apron of artificial blocks of dimensions 
"4 metres by 3 metres by 2 metres ;' the bench of the rubble mound is 
"10 metres wide and its slope is inclined at 1 in 2. = 
In the new east mole of Catania (Figs. 6, 7, 8 and 9), exposed to 
violent storms coming from the east-south-east with waves which 
_ may exceed 7 metres in height, the wall, 12 metres thick and founded 
at the level of —12-50 metres, was to be constructed of four layers of 
¢ - eyclopean blocks weighing about 300 tons each, fitted with two 
hollows 2 metres by 1-25 metre to be filled with concrete in order to 
_ - join the elements of each pier into a monolith. As in the case of the 
other similar works, the outer foot of the wall was to be protected 
by artificial guard-blocks, having dimensions of 6 metres by 3 metres 
_ by 2 metres, and the outer bench of the rubble mound was to have 

a width of 12 metres and a side slope inclined at 1 in 2. In carrying 
out the work, all these features were maintained, except that it was 
considered useless to make the piers in the form of a monolith ; the 
hollow blocks were therefore replaced by solid blocks, and no packing 
_ for the horizontal joints of the piers was provided. 
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All the great breakwaters in Italy having a vertical wall of 
cyclopean blocks, with the sole exception of the new east mole of 
Catania, like those of lesser importance and having a wall of ordinary 
artificial blocks, have given satisfactory results up to the present 
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date. It has been ascertained, both at the Prince Umberto mole — 
in the port of Genoa and at the new outer breakwater of Bari, an 
well as at the new east mole of Catania, that the depth adopted fo 2 
_ the foot of the vertical wall, reduced by the existence of the guard- 
blocks to 10 metres in the first case and to 8-30 metres in the second, 
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_ was still not sufficient to ensure the necessary stability of the artificial 
_ guard-blocks and of the large quarry stones forming the bench and 


outer slope of the rubble foundation. The evil is now being removed 


in both cases by increasing to a certain extent the width of the 
_ bench and by making its side-slope flatter. At Catania, however, 
the construction of the new breakwater has unfortunately ended in 
_ disaster. 


In February, 1930, during the onslaught of a storm of exceptional 
violence, which was characterized by a total absence of wind and by 


_ huge rollers about 7 metres high, the structure proved to be insuffi- 
ciently strong. On a first section of the work, already provided 


with its superstructure, the wall was slightly displaced hori- 


 zontally, whilst of the remaining length, all the blocks of the two 


upper layers, and also part of those forming the layer beneath, 
slipped inwards, some of them being even washed away. Only the 
blocks of the lowermost layer remained in place and were almost 
intact, whereas a very high percentage of the blocks forming the 


_ other layers were broken and split. 


This damage was afterwards repaired, without any changes in 
the structure, except for the raising by 1 metre of the level platform 


on the harbour side, with a view to increasing the working load on 


the piers ; the first arm of the jetty had been completely built up on 
its full length, when a further storm, which occurred on the 26th 
March, 1933, and which was still more severe than that of February, 
1930, and was characterized by waves having the exceptional size of 
about 7-50 metres in height and 230 metres in length in the 
open sea, struck the breakwater and demolished it (Figs. 17 and 18). 
With the exception of a section of the work at the start of the 


lengthening, about 100 metres long and buttressed inside by a large 
embankment, all the blocks of the two upper layers of the wall, 
and part of those of the layer below had, as in February, 1930, 
slipped on the top of one another towards the harbour side, tumbling 


over, with the superstructure, into a heap of ruins. The rubble 


foundation, but slightly damaged superficially, had, on the contrary, 
4 remained intact beneath the wall. 


As a result of such a disaster, many people, in Italy and abroad, 
thought that the new type of work ought to be abandoned for 


breakwaters to be built in very exposed sites. Their conviction 
became firmer still, when, under the shock of a most exceptional 
storm which occurred in February, 1934, at Algiers, and characterized 
by a total absence of wind and by enormous waves 9 metres high 
~ and 300 metres long in the open sea, the last 400 metres of the second 
arm of the Mustapha jetty suddenly collapsed (Figs. 19 and 20, 
pp. 492-3). . 
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I, on the contrary, had expressed the opinion since February, 
1930, that the inadequate stability proved by the new mole ¢ 
Catania ought to be ascribed essentially to the fact that the piers of 
that wall had not been made monolithic. I expressed the sam 
opinion after the disaster of 26th March, 1933, and when the collaps 
of the Mustapha jetty took place, I saw in this new disaster the proof — 
of the correctness of my opinion; the wall of that work, only 11 
metres thick but formed by cyclopean blocks joined into monolithic 
piers, and founded on the rubble mound at a greater depth, had been 
able to withstand for many hours, without giving any signs of © 
weakness, the formidable assaults of waves much larger than those 
of the Catania storm. It had only collapsed and overturned outside _ 
—contrary to what had happened at Catania—when the foundation-_ 
mound suddenly sank, and slipped into a large trench that the waves 
had scoured out at its foot, in a bottom constituted of a fine sand 
with no cohesion. 

Thus, the analyses of both disasters led me to conclude that, far 
from justifying any doubt on the soundness of the type, these 
thoroughly confirmed it, for it followed logically from these analyses 
that, if in the case of the Mustapha jetty, the foundation-mound, — 
owing to its structure and to the nature of the sea bottom, had been ~ 
able to withstand the storm like that of the Catania mole, and if 
the structure of the wall of the latter had had the same monolithic — 
structure as that of the Algiers breakwater, neither of the disasters — 
would have happened ; further, both the works might have come, 
out of their formidable trials greatly exceeding all expectations, if — 
not whole, certainly with much less serious and not irreparable 
damage. Both the works are, however, now being rebuilt on their — 

ruins, in the old sloped type. 
As stated above, all the works of the mixed type constructed » 
in Italy, with the sole exception of the Catania mole, have given 
satisfactory results up to the present time. All these works had been — 
planned on the basis of experience which was still, in Italy as it 
other countries, quite recent, and which still presented many 
uncertainties. 

In Italy, the fundamental rules to be followed in building 
both the rubble mound and the wall were perfectly clear, but 
no experience had yet been acquired as to the requisite depth for 
the foot of the vertical wall, or as to the profile to be adopted for the 
foundation-mound. In the same way, nothing was known either of 
the intensity or the distribution of the efforts that the largest storm- 
sat would exert against the works, and on the sea-bottom at their 

oot 


It was in view of these uncertainties, and in conformity with a 
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resolution adopted by the XIVth International Congress at Cairo, 
that a special committee, in which Great Britain is represented 


by Sir Leopold Savile, K.C.B., M. Inst. C.E., was appointed with the 
object of undertaking or continuing systematic research on the 


_ pressures due both to oscillatory waves and to breaking waves. 


According to this resolution, observations have been going on for 
over 4 years at Genoa by means of special appliances installed on 
the Prince Umberto mole, allowing the measurement and recording, 


at the same time, of the characteristics of waves and of the stresses 


they exert against the vertical wall at different levels. 

The results obtained from the observations which have been 
so far recorded at Genoa, during storms which are characterized 
by waves striking the structure at right angles, although not attain- 
ing the expected maximum length nor exceeding 5 metres in height, 
are very significant. 

They show clearly :— 

(1) That horizontal stresses (that is, excess of positive or negative 
pressure, according as it is either landwards or seawards, compared 
with the calm-water conditions) exerted by oscillating waves reach a 
positive maximum value, generally a little below the level of a smooth 
sea. 

(2) That the maximum effort is very nearly equal in all cases to the 
hydrostatic pressure due to the height of the waves impinging against 
the wall. 

(3) That this same effort diminishes rapidly above the smooth-sea 
level, notwithstanding the fact that the breakwater-parapet may be 

_ surmounted by wavesthe crests of which on frequent occasions surpass 


the theoretical heights corresponding to an amplitude of oscillation 


double the height of the incident waves: this fact alone proves, 


at the outset, that the pressures exerted by waves against walls 


are not of a simple static nature, but are a combination of static 
pressure and dynamic effort. 
(4) That the positive maximum effort diminishes, on the other 
hand, below smooth-sea level, all the more slowly as the ratio of 
height to length of the wave becomes less. In the case of waves of 
ordinary proportions, the effort is reduced at the foot of the wall to a 
value which always exceeds one-half the maximum, while it remains 
sensibly uniform and equal to the maximum in the case of waves 
which are exceptionally long as compared with their height. 
(5) That the negative effort below the trough of the wave in 
contact with the wall is sensibly equal, at all levels, to the correspond- 


) _ ing positive effort. aes: 
Tn order to check and complete these results as far as possible, in 
accordance with the resolution of the Cairo Congress, and with the 
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view in mind at the same time of analysing more closely the cir- 
cumstances attending the disasters at Catania and Algiers, I under- 
took some months ago, in collaboration with Mr. A. Stucky, Professor 
of Engineering and Director of the Hydraulic Laboratory at the 


_ University of Lausanne, a series of tests on small-scale models. 
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The results of these tests, although they are still incomplete, appear 
to me to be very significant. 

These results may be summarized as follows :-— 

(1) The perfect agreement between the actual observations 
recorded at Genoa and the results of the corresponding tests on the 
model of the Prince Umberto mole shows, on the one hand, that the 
method of research by means of tests on small-scale models, based 
on the law of mechanical similitude, is strictly applicable to the 
study of wave-effort. On the other hand, in opposition to the 
opinion held by some authorities, the results show that oscillating 
waves, at any rate in violent storms, are not converted by reason 


of their reflection at a vertical wall into actual “ standing waves,” 


but rather that they maintain their essential characteristics as 
trochoidal waves with orbital, though modified, movement, and also 
that they exert pressures that considerably exceed those which would 
be produced by an actual standing wave engendered by the same 
trochoidal wave. ‘This is clearly shown by the diagrams in Figs. 21, 
from which it will be seen that the total effort exerted, in the case 
of the mole at Genoa, by an ordinary wave 5 metres high and 110 
metres long exceeds by 26 per cent. the total effort that would be 
exerted by a standing wave engendered by the same ordinary wave, 


and having therefore the same length but twice the height. 


(2) The tests on a small-scale model of the Mustapha jetty at 
Algiers have shown (Figs. 22, p. 498) that, under the assault of the 
terrific storm of the 3rd February, 1934, with waves 9 metres high 
and 185 metres long in the immediate vicinity of the work, the wall 
experienced a total effort of 147 tons per linear metre of structure, 
greater by 35 per cent. than that which would be exerted by a stand- 
ing wave of the same length and 18 metres high. As a consequence 


- of this effort the intensity of pressure on the rubble mound at the 


inner edge of the base of the wall, should have amounted to 8-25 
kilograms per square centimetre ; certainly an excessive load, but 
one which, very likely, was not actually realized to the full extent of 
the calculation by reason of the intervention of other factors of 
resistance, such as the continuity of the mass-concrete crown of the 
breakwater and the rise of the water inside the sheltered area as a 


~ result of the rise in level outside. 


_ (3) The model of the Catania mole having, in turn, been subjected 


- to the impact of waves 7-50 metres high and 155 metres long adjacent 
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erienced a total effort of 129 tons per linear metre of structure, 


26th March, 1933, the results of the test showed (Figs. 23) that the 


to the structure, similar to those observed during the storm of the 
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structure with the block immediately beneath, having a total weight 
of about 150 tons per linear metre, although no doubt reduced by the | 
pressure of the water on the under surface exerted through the 
unbedded horizontal joints, might have been displaced by a pressure 
of 60 tons, and that subsequently the blocks in the lower layers 
would have been in their turn, and still more easily, carried away. 

(4) The results of all the experiments on small-scale models have 
led to the conclusion that the intensity of effort in tons per square 
metre by oscillating waves against a vertical wall diminishes in the 
ratio of about two-thirds of the height above the smooth-sea level. 
Thus, with a surface-level pressure of, say, 6 tons per square metre, 
the pressure at a height of 3 metres above sea-level would be reduced 
by 3 X 2/3 = 2 tons per square metre, to a value of 4 tons per 
Square metre. 3 

In none of the three cases submitted to test with small-scale 
models, relating to breakwaters at Genoa, Algiers and Catania 
situated in depths of 15 metres, 21 metres and 18 metres respectively, 
and having the bases of the vertical walls located at depths of 10 
metres, 13 metres and 10-50 metres, could waves of the maximum 
heights of 7 metres, 9 metres and 7-50 metres be caused to break, 
even superficially, in front of the wall, although given an increase 
of length in the open sea beyond any admissible proportion, up to 
about forty times their height. In all these cases, in fact, a maximum 
unitary effort was produced, almost exactly uniform over the whole 
immersed part of the wall and equal, as in all the other experiments, 
to the hydrostatic pressure due to the height of the waves. It is 
therefore justifiable to conclude that, if the depth of the sea at the 
site of the work exceeds, as is usually the case, twice the height of 
the greatest storm waves to be expected in the locality, and if the 
foot of the vertical wall lies at a depth of one and a half times the 
same height, there should be no danger of waves completely breaking 
against the work. Moreover, it has been possible to ascertain that, 
under these conditions, the width of the benching at the foot of the 

wall and the inclination of the side slope do not affect in any way 
the intensity of the stroke exerted by the waves against the wall — 
(Fig. 24). 

While, however, under the foregoing conditions, it is possible to 
exclude the risk of the heaviest storm-waves breaking completely 
against the work, it is not impossible that, during storms attended 
by very strong winds, the waves, retarded in their propagation by the © 
progressive decrease in sea-depth and by the effect of the slope of the - 
rubble foundation, may, under the influence of the wind, break 
superficially and so produce against a part of the face of the wall | 
pressures which are much more intense than those which would be — 
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exerted by the same waves if they remained purely oscillatory up 
to the point of contact with the wall. Unfortunately, no observation 
or experiment has so far provided any data as regards the intensity 
and distribution of these exceptional pressures, so that no precise 
_ indication is available of the degree of additional support which may 
be required to counteract such wave-strokes. However, it should 
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Fig. 24. 


Stresses obtained by tests on Models 
Characteristics of a Wave 
Height of wave = 650 metres 
Length of wave = 155 metres 


Scale of-model s4s 


Max.+ 12:70 


4:2 tons: per square metre 


Still-water level 


© Stresses obtained with apron A-B-C- 
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WAVE-ACTION AGAINST VERTICAL BREAKWATERS : STRESSES OBTAINED ON 
Smatt-scaLE Moprt or New East Motz, CATANIA. 


be noted that waves accompanied by strong wind are sensibly shorter 
than waves of the same height propagated in the complete absence 
of wind, with the result that the total effort exerted against the wall 
is considerably less in the first than in the second case; on the 
other hand, the effort which is exerted by the breaking wave, and 
which is purely dynamic, exhausts itself in a comparatively short _ 
time, and affects the resistance of the wall to shear much more than 
~ to overthrow or to slip. It follows, in my opinion, that, if the work 
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is designed with the requisite margin of safety for withstanding 
oscillating waves of the maximum height to be anticipated in the 
locality, unaccompanied by wind, the monolithic structure of 
the wall itself, or of its piers, may suffice to ensure the requisite 
stability against the increased stroke during storms accompanied by 
strong wind, which may arise from waves of maximum height which 
happen to break superficially on approaching the wall. 

The results described above have so far been obtained, both from 
observations and from tests on small-scale models. They should 
not be considered as exhaustive, but in my opinion they may serve 
to substantiate the principles which I have previously enunciated 
on the subject of the construction of vertical breakwaters, as embodied 
in the following conclusions :— +s 

(1) If the depth of water and the rocky nature of the sea-floor 
allow of its application, the best system of construction consists 
in founding the wall directly on the sea-bed, having previously 
levelled the site with material which is not subject to deterioration 
in a marine environment. ake 

If, on the other hand, the excessive depth of water or the softness 
of the sea-floor require the formation of a rubble foundation, the 
latter should be constructed with the greatest possible degree of 
compactness. With this object in view, it is necessary to mix in bulk 
quarry stone of varying sizes (the largest being set as surfacing), 
in order to reduce the volume of the vacuities to a minimum. In 
addition to this it is advisable, in the case of mounds of considerable 
height, to deposit the material in successive layers and as long as 
possible in advance of the construction of the vertical wall, so that 
the rubble may have sufficient time to settle and solidify before 
receiving the weight of the wall. 

(2) In principle, a vertical-wall breakwater should be avoided, 
or at any rate, that type of work must be considered disadvantageous, 
if the site is conducive to the complete breaking of storm-waves. 

In the present state of experience and of theoretical and experi- 
mental knowledge, it appears that any danger of the complete 
breaking of storm-waves in front of a vertical-wall breakwater is 
excluded when the depth of water at the foot of the work is at least 
twice the height of the greatest: storm-waves likely to be encountered _ 
in the locality, whatever be their length, within the limits of actual 
observation (that is, from thirty-five to forty times the height, at 
the utmost, in the greatest storm-waves so far observed). 

(3) Within the limits of depth practicable with the present state — 
of constructional technique, the foot of the vertical wall should be | 
located deeper below sea-level for more exposed structures than for 
more sheltered ones, so that the largest waves anticipated may 
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retain their oscillatory nature while travelling over the slope and 
benching of the rubble mound, and so that the mound itself should 
not be exposed to disturbance from the motion of the sea. 

In accordance with the lessons so far gained from experience, a 
depth of about 10 metres at the foot of the vertical wall which is 
directly exposed to wave-stroke may be considered as sufficient, 
if the anticipated height of the waves does not exceed 4 or 5 metres. 
In the case of more exposed works, the depth should be increased to 
12 or 13 metres at least. ‘ 

In all cases it is advisable, in order better to ensure the stability 
of the wall, to embed its base, suitably widened, within the rubble 
mound, rather than to protect its outer foot by a line of guard- 
blocks forming a projection on the rubble benching. 

(4) The benching should be made wider (from 10 to 15 metres) 
and the outer slope of the rubble mound flatter (from 1 in 2 to 1 in 3), 
where the structure is more exposed and the sea-floor is more liable 
to disturbance, than for more sheltered conditions. 

In the case of loose earth, easily erodible and at no great depth, 
the adoption of the vertical-wall type of breakwater might entail 
the necessity, eventually prohibitive from an economic point of 
view, of protecting the bottom over a considerable width in front 
of the outer foot of the work by suitable means, such as a layer of 
quarry stone laid either directly on the ground or on a mattress of 
fascine-work. 

(5) Under the conditions stated in conclusion (3), the total 
maximum effort to which the wall may be exposed by the maximum 
wave-stroke likely in the locality can be calculated, on the basis of a 
unit pressure equal to the hydrostatic pressure due to the height of 
the wave in the open sea, applied uniformly throughout the whole 
extent of the wall below the smooth-sea level, and lessening progres- 
sively above that level at the rate of two-thirds of the height. In 
selecting the type of structure for the wall, however, account must 
also be taken of the supplementary shock which may possibly be 
exerted by waves of the maximum height if, while approaching the 
breakwater, they happen to break superficially by reason of wind- 
action. 

(6) In the case of slightly or moderately exposed works, the wall 
may consist of a mass of bonded artificial blocks of ordinary shape 
and size. In the case of works much more exposed or exceptionally 
exposed, it is necessary to have recourse to units of much greater 
dimensions extending throughout the full thickness of the wall, 
such as cyclopean blocks superposed either in inclined layers, as is 


‘more particularly suitable for a wall founded directly on a rocky 


bottom, or in vertical piers, as is usually the case for walls founded 
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on a rubble mound, or else consisting of monolithic sections formed | 
by caissons about 5 or 6 metres wide filled with concrete. a 
These monolithic sections undoubtedly represent the best solution 
from the standpoint of stability of the wall, and are all the more 
recommendable nowadays seeing that the cement industries are 
producing special aggregating materials which afford the surest 
guarantee of resistance to chemical action in sea-water, to an extent 
no less than that of ordinary mortar made with rich lime- and 
pozzuolana. 
If, however, the local conditions are not of a nature to allow 
of the adoption of such a structure with advantage, an equivalent 
solution, besides being simpler and safer in application, consists in _ 
building the piers in cyclopean blocks, with wells or cavities, capable — 
of being converted into a single monolith by filling the wells with — 
concrete, preferably reinforced with steel bars. ; 
The monolithic structure of such piers, obtained by one or other 
of the methods suggested, has the advantage not only of augmenting 
the resistance of the wall to overturning without increasing its 
width, but also of enabling it to withstand any additional force or 
impact exerted by the heavier storm-waves should they happen, 
by reason of wind-action, to break superficially in front of the 
breakwater. : ug 
In any case, whatever the structure of the piers, it is necessary 
to unite them by means of the superstructure (after allowing the 
piers to settle pari passu with the rubble base, especially in the case 
of a high mound-foundation), with the object of making the whole 
wall, when its construction is completed, and further and unequal 
settlement is no longer to be feared, a solid monolith with suitable 
filling of the joints between the vertical piers. ¥ 
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(Paper No. 5029.) 


“Reinforced-Concrete Chimney Towers at the Barton 
Power-Station.” 


By Arnotp ATHERTON, B.Sc. 
(Ordered by the Council to be published without oral discussion.) 
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Conclusion 


INTRODUCTION. 


Wuen the Barton Power-Station of the Manchester Corporation 
_ Electricity Department was opened in 1923, the station was equipped 
with four boilers, each with its own steel chimney, 9 feet in diameter, 
which discharged at a height of 121 feet above the ground, 31 feet 
“above the level of the boiler-house roof. In August, 1924, five further 
boilers were added with similar chimneys. 

Difficulties arising from the alleged harmful effects of smoke and 
‘fumes from the station led to the original chimneys being raised, 
between 1924 and 1926, in two stages of 20 feet each, to a height of 161 
- feet above ground-level. In 1930 the chimneys, which had suffered 
_ considerable internal corrosion, were replaced by 7-foot diameter 
os, each 190 feet high, the reduction in diameter permitting 
_ greater height without over-stressing the supporting framing. 

2 ‘The first section of the station was completed in 1927, and No. 10 
_ boiler was installed. Pulverized fuel was used for this boiler, and a 
-9-foot diameter steel chimney, 161 feet high, was provided, which, 
after being raised to 201 feet in 1930, was replaced by a chimney 


Pe SP sy » AE CAR 


in 1928, each with a 9-foot diameter steel chimney 161 feet high. — 
Tn 1930 these were extended to 230 feet in height, with a diameter 


s ae 


8 feet in diameter in 1933. Boilers Nos. 11 and 12 were installed __ 
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of 8 feet. Boiler No. 13, having a 300-foot self-supporting stee 
chimney, was installed in 1931. 
These alterations to the original chimneys involved new guying 
systems, and the supporting steelwork under the chimneys had to be — 
strengthened. F 
The maintenance costs of steel chimneys are considerable, and it — 
was decided to replace them, at the completion of their economic _ 
life, with two large stacks 300 feet high and 18 feet 9 inches in diameter 
at the top, situated at the east and west ends of the station respec- 
tively. 7 
It was intended to dismantle the existing steel chimneys down to 


Figud. 


CANAL ARM 


Boiler House No. 1 
__C.L. of New Flue 


CANAL ARM 


the level of the boiler-house roof, and then to transfer the flue- 
gases into a new main flue, situated on the existing boiler-house roof, 
above the coal conveyers and bunkers. This flue was to discharge 
high above the ground into two new brick chimneys, each 18 feet 
9 inches in diameter, placed one at each end of the boiler-house 
(Fig. 1). 

Owing to the proximity of existing buildings and the limitations of 
additional loadings on the original steel framework, little choice was 
possible in deciding the location of the chimneys. At the west end 
it was necessary for the tower to accommodate a railway-track and 
turntable directly below. Constant access for traffic to the turbine- 
room and workshops was also essential during construction. 

Since the main flue would discharge into the chimneys at the level 
of the boiler-house roof, or at a height of about 100 feet above the 
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ground, it was only necessary for the chimneys proper to start at that 
level. It was decided that the lower portions should take the form 
of open braced reinforced-concrete structures, each consisting 
essentially of four octagonal columns, 120 feet in height, with four 
systems of horizontal bracings (F729. 2). 


Fig. 2. 
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In the case of the east tower, the open braced type of design 

_ proved valuable in providing accommodation for a sump for the new 

- water-borne ashing system; this was arranged below ground-level 

in the base of the tower, and the telpher runway for the grab which 

- operates at the sump is also carried by the tower bracings. Above _ e 

_ ground-level the two towers are identical. ee 
In preliminary designs it was proposed that the brick stacks should — 
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start directly off the top system of bracings; to overcome the — 
sudden change from the square section of the concrete towers to _ 
the circular section of the brick chimneys, the base of the stacks 
were to be cased. to a height of 16 feet with pre-cast concrete units, 
and circular fluted features each 10 feet 6 inches high were to be 
introduced over the legs of the column. Later, this decorative work _ 
was incorporated in a circular concrete base 16 feet high, monolithic _ 
_with the top system of bracings (Fig. 3). For aesthetic reasons, — 


Fig. 3. 
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there is a fluted capping of precast concrete units at the tops of the 
chimneys. The panels between the top and second bracings which 
enclose the chamber where the flue joins the chimney are also 
carried out with pre-cast concrete units, with suitable reinforcement, © 
giving a vertical fluted effect as shown in Fig. 4. i 
The total height of the concrete towers is 136 feet. The octagonal 
legs are 130 feet in height and are 6 feet 6 inches across the flats, and - 
they are reinforced with forty-eight. 12-inch diameter vertical bars 
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and with 4-inch-diameter spiral hooping at 4-inch centres. The 
- bracings are 5 feet deep at the centre and 2 feet 8§ inches wide, 
with symmetrical reinforcement at the top and bottom, and are 
shown in detail in Figs. 5 and 6 (pp. 510 and 511). 


DESIGN. 


The principal difference between the designs of the two towers lies 
in the degree of fixity at the base. The columns of the west tower 
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are carried on four independent bases, and although each is carried et 
~ down 10 feet below the ground into solid rock, the degree of fixity Se: 
js not so high as in the monolithic base of the east tower. To cover 
- this variation, the towers were designed for the worst cases arising 
from fixed and free conditions at the base. ES 
While the dead load of over 1,600 tons from the brick stacks on = 
he towers is considerable, the primary factor which influenced the 
ign was the wind-load. At some points in the columns over =~ 
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60 per cent. of the total stress is due to wind-load, add some of . 
more important points in the determination of the stresses 
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The analysis of statically indeterminate structures, particularly 
those encountered in tall buildings resisting wind-pressures, has 
received considerable attention recently, and in 1932 Professor 
Hardy Cross described 1 a new method of analysis for such frame- 
works. This method has been further developed by other authors, 
and a modified form of Professor Cross’s method was adopted in 
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this case; this resulted in a considerable saving of time over that 
necessary in the old “ slope-deflection’”? method. 

Strictly speaking, the towers should be considered as_ three- 
dimensional rigid structures standing under wind-loads which can 
act from any quarter. If the small effect of torsion in the members = 
is neglected, this analysis can be reduced to that ofa two-dimensional = 


1“ Analysis of Continuous Frames by Distributing Fixed-End Moments,” — 
Trans. Am. Soc. C.E., vol. 96 (1932), p. 15 and discussion thereon, ~ 
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rigid frame, made up of two of the legs of the column and their 
common cross bracings, by splitting up the wind-load into its 
components along the axes of the tower. 

The two principal cases to be considered are therefore : 

(1) Wind acting at 45 degrees to one of the axes ; 

(2) Wind acting along one of the axes. 
These cases provide maximum and minimum values for the bending 
moments and shears, and cover all intermediate directions of the 
wind. ; 

A rather unusual point arose when determining the effective — 
length of the bracings. The columns are 6 feet 6 inches across the 
flats, and the distance between the centres of the legs is 27 feet 
6 inches. The question was whether the effective length of the 
bracing should be taken as the clear span of 21 feet, or as the distance 
between the centres of columns, which is 27 feet 6 inches. In all 
probability, the best value to take is one slightly greater than 
the clear span, on the assumption that some deformation takes place 
inside the columns. Actually, the clear span was used, and at the 
same time the effect of the haunching of the bracings was taken 
into account. The combination of these two refinements was rather — 
surprising, and the modified stiffness of the bracings is very nearly _ 
doubled. As the moments taken by the bracings are proportional — ; 
to their stiffness, these modifications, if neglected, will cause the 
stresses in the bracings to be under-estimated by nearly one half of 
their probable value. 

The greatest stresses in the columns occur at the top and at the 
base, and are shown in the following Table : ; 
——eeeeeeeeSSSSSSFSSMMMFfFs 


Dead-load | Wind-load Total stress : 


Location. stress : stress : pounds per Direction of wind 
pounds per unds per A - 
square inch. Baante aon. square inch. 
Bape ee. ta tt 270 480 - 750 45 degrees to axes. 
Base . . .| 575 250 825 45 degrees to axes. 


eee 


The bracings are designed for a maximum stress of 650 pounds per 
square inch in the concrete. : 

The stress of 825 pounds per square inch in the concrete at the 
base of the columns was considered safe in view of the nature of | 
the spiral hooping, and is well within that allowed in the recom- 
mendations of the Reinforced-Concrete Structures Committee. 

It was felt, however, that, due to the unusual nature of the > 
structure, there would be some additional stresses due to shrinkage ~ 
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- were in red sandstone. 
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and creep, and it was while attempting to evaluate these stresses 
that the desirability of taking some actual strain-measurements in 
the towers was realized. 

Bricks of high crushing-strength were employed for the stacks, and 
it has been possible by their use to reduce the shell-thicknesses 
and resultant dead load on the towers toa minimum. The batter 
of the chimneys is so slight that facing-bricks of constant radius 
have been used throughout. 


MATERIALS. 


Aggregates. —The whole of the natural and crushed-gravel aggregate 
and sand came from the contractor’s own quarries near Agecroft, 
and were specially selected from the results of a number of tests on 
different aggregates, which were carried out to determine their 
acid-resisting properties. In the large reinforced-concrete members 
a maximum size of 14 inch was used for the aggregate. 

The sand was found to possess considerable bulking properties, 
and a 5 per cent. moisture content showed a 24 per cent. increase in 
bulk over the dry volume of the sand. This effect was taken into 


~ account when proportioning the mixes, which were designed for dry 


materials. This point is sometimes ignored although it is an 
important cause of poor concrete, resulting in the use of too 
much water in an attempt to improve the poor workability of the 
concrete, which is caused by the lack of mortar. 

Cement.—In view of the possibility of attack from acid and 
sulphates in the water used in the ash-sluicing system, “ Ciment 
Fondu,” manufactured by the Lafarge Aluminous Cement Co., 
Ltd., was used in the concrete work of the ash-sump and the 
foundation for the east chimney. In all other concrete work, the 
Cement Marketing Company’s “Blue Circle * Portland cement 
was used. 

Steel Reinforcement—The reinforcement is of plain round mild- 
steel bar, complying with the British Standards Specification No. 15 
for Structural Steel, Quality A. 

Brickwork.—The bricks for the chimneys were manufactured by 
the Hepworth Iron Co., Ltd., and “‘ Newhey ” radial bricks were 


used for the facings. 


CoNSTRUCTION. 


; Excavation for the base and ash-sump of the east chimney was 
started in January, 1934, and was taken down to 19 feet 3 inches 


below the general ground-level, which was 85:0 0.D.; the last 10 feet — 
Water was encountered below 75:0 O.D., 
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particularly on the canal-arm side, to the extent of 800 gallons per 
hour, most of which entered along the horizontal bedding planes of the 
rock. In order to prevent this water mixing with the newly-placed 
concrete, galvanised corrugated-iron sheets were nailed against the 
rock sides in the bottom, and this caused the seepage to run down 
the faces into field-drains leading to a central sump. ; 

The mix used in the concrete work of the base was 6:3: 1 ewt. 
of “Ciment Fondu.” This may be considered a fairly lean mix for 
reinforced concrete work, but cube strengths of from 3,500 to 4,330 
pounds per square inch were obtained for this mix for 6-inch cubes 
after 7 days. The actual value which should be attached to these 
strengths, and also to the possibility that a 5 : 24: 1 cwt. Fondu mix 
might actually produce a weaker concrete, will be discussed in 
connection with the temperature-readings taken in this concrete. 
In order to minimize high temperatures in this concrete, the maximum 
lifts were kept down to 2 feet, and the concrete was flooded as soon ' 
as the final set had taken place. 

The ratio of water to cement for the aluminous-cement concrete 
varied from about 0-85 to 0-95 by weight, which is relatively high in 
comparison with the standards of Portland cement. It was felt that, 
while this ratio was also higher than that necessary for workability, 
the slight loss in strength of the general mass would be preferable to 
the possibility of local sections of poor-quality concrete. This might 
otherwise have been anticipated on the face of the sump, due 
to the excessively rapid drying-out process, and to the incomplete 


_ hydration resulting from the expected high temperatures during _ 


the early life of the concrete. 

The whole of the materials for the towers were handled by 5-ton 
cranes, with 100-foot jibs. For the east tower the crane was erected 
on the boiler-house roof, 100 feet above ground level, while the crane — 
for the west tower was carried on a timber gabbert 100 feet high. 
Tubular steel scaffolding was used throughout the construction, of 
both towers, and was designed to be entirely independent of 
the towers; after the second brace of the east tower had been 
concreted, the whole of the lower portion of the scaffolding was 
rearranged to permit the ash-grab to enter the tower and work over 
the sump while work on the upper portion of the tower was still 
proceeding. ’ 

It was specified that the whole of the shuttering of the exposed work 
_ above ground-level should be faced with steel, plywood, or similar 
material, in order to minimize board-marks, In the shuttering of 
the columns, No. 16 S.W.G. sheet-steel lining was used, and this _ 
proved satisfactory, each set of column-shuttering being used about i 
ten times for each tower, with only minor attention between lifts. 
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For the bracing shuttering, sheet-tin facing was used, and although 
it needed careful handling, it was quite satisfactory. 

~ In lifting the column-shuttering the cranes were used, and after a 
_ time it was possible to strike the shuttering, lift it and refix it in 
: about three or four hours. 

In certain cases the 18-inch diameter bars used for the main 
vertical reinforcing were 38 feet long, and the scaffolding had 
therefore to be kept about 40 feet in advance of the concreting. 
Before starting a new lift of reinforcing in the columns, a circular 
template made of four steel angles spliced together and notched 
to the spacing of the vertical bars, was set out over each column. 

The vertical bars were lowered into position by the crane, and were 
automatically located by the notches in the template at the top 
and by the steel in the splice at the bottom. An extra stiffening 
template was generally used half-way up each lift of steel. 

In the concrete work above ground level the concrete mix was 
5:24:1 cwt. Portland cement. Particular attention was paid to 
ratio of water to cement in this concrete, and allowing for the 
variable water content of the aggregate, this ratio was between 0-65 
and 0:70 by weight. A slump of more than 2 inches was never 
recorded, the average cube strength being 3,000 pounds per square 
inch at 28 days, but no difficulty was experienced in working the 
concrete round the reinforcement ; this may in part be due to the 
__use of mechanical vibrators, of which two different types were used. 
The first type of vibrator was an adaptation of the familiar ~ 
. pneumatic hammer ; a rubber-faced piston delivered the blows to the 
i shuttering, which transmitted the blow to the aggregate on the face 
___ of the concrete, forcing it back into the mass and bringing an excess 
of mortar to the face of the shuttering. While the action was mainly 
— _ Jocal, the effect in the main mass was still quite appreciable, and 
even if applied after hand tamping had been done, it was sufficient 
to drive air-bubbles out of the concrete. . 

The second type consisted of a small electric motor, on the shaft 
’ of which was an eccentric weight, the motor being fastened to the 
shuttering by a long chain. When running, considerable vibration 
is set up, and if the shuttering can stand up to the somewhat 
__ violent action, the concrete is very thoroughly consolidated. This 
4 vibrator was rather bulky to move about and fix, and there was a 
tendency, if left too long in one position, for excessive laitance to be 
caused on the surface. 

A theodolite was used in preference to plumb-bobs for keeping the » 

tower vertical, as the latter were impracticable owing to the long 

lengths and the complexity of the scaffolding. Two permanent — 
~ stations were made on the axes of the tower and about 150 feet from 


: a. 
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the centre. The theodolite was set up over each of these stations © 
in turn and used to check centre-wires running up the four outside 
faces of the steel scaffolding. ; 

Concreting on the east tower was completed in October, 1934, and 
the west tower was finished towards the end of February, 1935. 


EXPERIMENTAL Work. 


A considerable amount of research has recently been directed to 
the importance of creep and shrinkage in concrete. An extensive 
series of investigations has been undertaken at the Building Research 
Station on the allied problems of bond-resistance, shrinkage and 
creep.' The results of these researches carried considerable weight . 
when the recommendations of the Reinforced-Concrete Structures 
Committee were drawn up. One of the most drastic of these 
recommendations, namely, that of a variable modular ratio, is the 
direct outcome of the research into creep. 

The Barton towers were designed before the new recommendations 
were published, and it was while attempting to estimate the magni- 
tude of the stresses due to shrinkage and creep that it was realized 
that, if any actual measurements of these effects could be obtained 
in the large members at Barton, they would provide a valuable 

“supplement to those which had already been obtained on the 
specimens of more modest size at the Building Research Station. 

Such steps were suggested by the consulting engineers to Dr. W.H. 
Glanville, M. Inst. C.E., of the Building Research Station, who 

_ readily agreed to take the necessary steps. The work was placed 
by him in the hands of Mr. D. A. G. Reid, Assoc. M. Inst. C.E., of the 
Manchester Municipal College of Technology, and late of the Building © 
Research Station, with whom the Author had the pleasure of — 
collaboration. 

Temperature-Readings in the Newly-Placed Concrete.—The magni- 
tude and effects of the temperature developed in newly-placed concrete 
have been discussed in two Papers.2 In connection with these — 
Papers, work was carried out on laboratory specimens and a method 


1 Dr. W. H. Glanville, Department of Scientific and Industrial Research, | 
_ Building Research Station: Technical Paper No. 10, “Bond Stresses.” _ 
_ Technical Paper No. 11, “ Shrinkage Stresses.’? Technical Paper No. 12, 

“Creep or Flow of Concrete under Load.”? Also Dr. Oscar Faber, “Plastic — 
Yield, Shrinkage, and Other Problems of Concrete, and their Effect on Design.” _ 
_ Minutes of Proceedings Inst. C.E., vol. 225 (1927-28, Part I), p. 27. 

® Department of Scientific and Industrial Research, Building Research 
Station; Dr. N, Davey, Technical Paper No. 14, ‘‘ Influence of Temperature = 
upon the Strength Development of Concrete.’ Also Dr. N. Davey and E.N. 
Fox, Technical Paper No. 15, “ Temperature Rise in Hydrating Concrete.” 
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was evolved for estimating the temperature-rise in large masses 
of concrete. The temperature-readings taken at Barton were 
- intended to provide data to check these conclusions. Although 
- it was well known that there was a considerable rise in temperature 
in cement mortars during setting and hardening, it is only within 
_ recent years that attention has been paid to its effects on the concrete 
and the structure as a whole. 
; The two main effects of the rise in temperature are : 
z (1) The effect on the actual strength of the concrete. 
(2) The production of internal strains in the concrete. 
: It has been found that, in cubes of Portland and rapid-hardening 
cements, a high curing-temperature produces a marked increase in 
strength, particularly in the early stages. In aluminous-cement 
concrete there is generally a slight increase in strength for moderate 
 curing-temperatures, but there is a very marked falling off in strength 
for curing-temperatures much in excess of 20°C. As the rise in 
temperature in aluminous-cement concrete in the early stages is 
usually about double that in Portland-cement concrete, there is a 
danger of excessive temperatures being reached, even in small 


a masses of concrete. 

Fifteen thermometer tubes were placed in the aluminous-cement 
concrete, and readings of both air- and concrete-temperatures were 
= taken over periods up to 10 days at 3-hour intervals, involving a 
i total of some five hundred readings. By placing the tubes in the 
a middle of the masses and also immediately under the shuttering, 
extensive records have been obtained. The temperature-records of 
_ layers of concrete, on which successive layers have been laid at 
fairly regular intervals, are of particular interest. (Figs. 7, p. 518.) 
© In one case, where three layers had been placed successively, the 
temperature in the bottom layer remained at approximately 20° C. 
a for 10 days, during which time the average air-temperature was 


- only 7°C. 
_-'This comparatively high temperature must be considered as an 
upper limit, above which a distinct falling-off in the strength of the 
concrete may be expected, and explains the view expressed previously 
that in this case the 6:3:1 cwt. aluminous-cement concrete was 
preferable to a richer 5: 24:1 cwt. aluminous-cement concrete. 
It is probable that the loss in strength due to the high temperature 
would be greater than the expected increase in strength of the richer 
mix, as shown by test-cubes. 
_ ‘Temperature-records were also taken in the Portland-cement 
~ eoncrete of the upper structure of the towers (2g. 8, p. 519), and, 
q although these were of value in providing some indication of the 
- euring conditions snside the members, which affect the strength of 
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the concrete, their chief importance is in the consideration of the 
internal stresses likely to be produced. This point will be discussed 
in connection with the strain-measurements. 

Strain-Measurements.—Owing to questions of expense and to the 
short time available for experimental work, the apparatus was kept 
as simple as possible. It was decided to attempt to measure the 
total strains in the concrete columns, in both vertical and lateral 
directions, and later strain-gauges were also placed in the cross- 
bracings. 

The gauges were constructed as follows. (Figs. 9,p.520.) The outer 
tube of the lateral gauge was made from 1-inch gas barrel and was 
fitted with blank pipe-flanges at either end, its length being 6 feet 6 
inches over the faces. A stainless steel plug was fitted into the end 


Fig. 8. 


At Centre of Column 39" from face 


Normal Portland Cement 
Mixture 4:2:1 


Water/Cement = 0:60 


TEMPERATURE: 


20 30 40 50 60 70 80 30 
TIME AFTER CONCRETING: HOURS. 


of the tube, and at the other end a stainless steel annular ring was 
screwed into the pipe. A steel rod, with hard steel balls let into each 


~ end, was arranged to slide in the annular ring, and to bear against 


the steel plug at the other end of the tube. The gauge was fitted 


into place when the shuttering was fixed and the end flanges were 


adjusted to bear against the shuttering. It was assumed that the 
outer tube would bond perfectly and would be strained with the 
‘concrete. Any change in length of the outer tube caused a movement 
of the annular ring with respect to the free end of the gauge-rod ; 
this movement was measured by means of a micrometer with a special 
fitting at the end, which gave a three-point seating on the annular 
ring and allowed the adjustable centre-rod of the micrometer to 


q bear against the gauge-rod. To obviate any errors due to the 
possibility of the face of the annular ring not being exactly normal to 


the gauge-rod, readings were taken with the micrometer in six 
_ evenly spaced positions around the ring, and the average of these 


— 


_ readings was used as the final value. . y 


> 


micrometer, and gave the strain in the outer tube. 


Figs. 9. 
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DETAIL AT A“ SHOWING METHOD OF TAKING READINGS. 

These gauges were very robust and gave very little trouble in 

fixing. No readings were taken for the first set of strain-gauges m1 

four days after concreting, when the shuttering was struck, bu 

view of the comparatively large movements, it was arranged for t 
_ shuttering to be cut opposite the ends of the gauges fixed subsequer 

and readings then commenced as soon as the concrete had set.:<)| a8 
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Before describing the results obtained from these strain-gauges, 
it may be as well to discuss some of the main factors which produce 
strains in concrete. 

Generally, in a normal reinforced-concrete structure, there are 
at least four factors producing strains : 


PED YE OLR 


sf (1) The actual loads carried. 

a (2) Changes in temperature, which may be either— 

Be (a) Due to changes in atmospheric temperature ; or 

z (b) Due to temperature-rise in the concrete during 


3 ; hydration. 

= (3) Shrinkage movements. 

; (4) Creep, resulting from a state of stress set up by (1), (2) 
5 and/or (3). 


In design it is usual to take into account (1) and probably (2a), 
and the main object of the experimental work at Barton may be 
_ described broadly as an attempt to measure the gross effect of (2), 
- (8) and (4). 

q The importance of the effect of the temperature-rise during 
hydration on the strength of the concrete has already been em- 
phasized, but there remains the question of internal strain. 

Although the temperatures encountered in a large mass of 
hydrating concrete are comparatively low, the strengths of the 
concrete at setting are also low, particularly in shear and tension. 
At Barton, temperatures of 140° F. have been recorded in the centres 
of the columns at times when the air temperature was between 
60° F. and 70° F. It is therefore conceivable that temperature-differ- 
ences occur in “ green ” concrete which are at least comparable with 
those taken into account for variations in atmospheric temperatures. 

Recently, in America, it has been established that serious cracking 
has resulted from this cause, and this has led to some very exacting 
cement specifications * for the construction of large dams. One 

important point in these specifications is that, not only must a low 
total heat be evolved, but also the rate of evolution must be slow. 
There is some tendency, therefore, to abandon the modern finely- 
_ ground cements for more coarsely-ground materials, in which the 
action is slowed down. 

Shrinkage.—The shrinkage of concrete is familiar to all engineers, 
_ put it must be remembered that shrinkage is by no means inevitable, 
and can be very largely controlled by the curing conditions of the 
concrete. It has been found that the quicker the concrete dries out, 

=r ee 


j 
S + Hoover Dam Cement Specification, Engineering News-Record, 1932, 109, 

pp. 358-360. Pine Canyon Dam—Special Low Heat Cement, Engineering 
A ‘News-Record, 1932, 109, pp. 410-411. 


522 ATHERTON ON REINFORCED-CONCRETE CHIMNEY ~ 


the greater the shrinkage, and also that expansion takes place 
when concrete is cured under water, or in conditions where there is no 
loss of moisture. *. 

At Barton, the anticipated shrinkage was confirmed by the readings 
in the vertical strain-gauges, which were located close to the exposed 
face of the concrete. In the horizontal gauges, which were placed 
across the columns, expansion has taken place which is far in excess __ 
of that which would be anticipated—assuming a normal value of 
Poisson’s ratio—from the combined stresses arising from the vertical 
loading. It would appear, therefore, that little drying-out takes — 
place in the core, and that the average curing conditions across the — 
column approximate to water-cured conditions. The recognition of 
this fact is probably the most important result of the experiments, 
and its effect in causing internal cracking may be at least as important — 
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as that of the rise in temperature, particularly as the two effects are 
cumulative and do not tend to compensate one another, as would be 
the case with the shrinkage of the core. . 

The results obtained for a typical set of strain readings (Fig. 10) 
show that, after the maximum expansion is reached, a very slow 
shrinkage sets in, probably due to the slow drying-out of the core. _ 
It seems probable that some of the columns will pass through a stage 
when the lateral gauges will show exactly the same total length as 
when they were put in; it cannot, however, be assumed from this — 
that there is no lateral stress, but rather that there are both local 
compressive and tensile stresses along the gauge, and that the 
algebraic sum of the strains is zero. 4 

In connection with this expansion of the core, it may be of interest 
to consider what takes place at a construction-joint in the columns. — 
Suppose a length of column has been concreted ; within about three 
or four days the temperature in the core will have become a maximum, © 
and will be greater than in the surface-layers, and therefore the 
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differential expansion will cause the top surface of the concrete 
to become slightly convex. At the same time, the core is expanding 
due to the curing conditions, and the convexity of the top surface 
is therefore further increased. At a construction joint, where two 
masses have been placed within a short time of each other, the 
expansions are taking place almost simultaneously, and if there 
were no reinforcement across the joint a circumferential crack 
would form, due to the comparative weakness of the joint and the 
tendency for convexity of the two adjacent faces of the concrete. 
In the case of the Barton columns the vertical steel reinforcement 
tends to prevent this crack, resulting in tension stresses in the 
steel and a compression area in the centre of the column. After a 
time, the concrete cools and the core begins to dry out, causing the 
tension in the steel and the compression in the concrete to diminish, 
and a point of great practical importance now arises. It is possible 
that the compression stresses over the central area of the joint 
may not only diminish to zero, but they may actually change 
sign and become tension stresses, which may be sufficient for the 
joint to fail over its central area, with the result that a definite crack 
is produced. If this actually does occur, the effective cross-section 
of the column is seriously reduced. 

. A special gauge was made to measure cracks of this character 
should they actually occur, but unfortunately the gauge was damaged 
during concreting and, owing to various difficulties, it has not been 
possible to carry out this test. It may be mentioned that, so far, 
no visible cracks have appeared in the work. 


\ 


va hk 
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Creep.—In the Paper! by Dr. Faber, experiments are described 
in which the deflection of concrete beams under sustained constant 
loads was measured. It was found that a progressive increase in the 
4 deflection was shown, but that the rate of increase of the deflection 
continually decreased. In other words, if concrete is subjected to a 


continuous stress, the strain will continually increase with time, thus 
causing an apparent decrease in the modulus of elasticity. In a 

4 reinforced-concrete member which is under stress, two materials, 
steel and concrete, have to be considered ; both are initially stressed 
3 in proportion to their respective elastic moduli, but the concrete, 
being more susceptible to creep than steel, tends to take less of 
the load, which is thereby transferred to the steel. This is the 
present theory on which column design is based, and in the recom- 
“mendations of the Reinforced-Concrete Structures Committee it 
will be found that the stresses in the steel are based on its yield-_ 


1 See footnote 4, p. 516. 


point and that the instantaneous modular ratio of steel to concrete is _ 
increased. Bi 

This effect may be observed at Barton, and it is intended to take 
strain-measurements over as long a period as possible. At the — 
present time it is difficult to distinguish between shrinkage and 
creep, but it may be mentioned that the strains were steadily, though 
very slowly, increasing at a date nine months after concreting. 


CoNncLUSION. 


The new scheme for the disposal of the flue-gas at the Barton _ 
Power-Station was prepared by Mr. H. C. Lamb, M. Inst. C.E., 
Chief Engineer and Manager of the Manchester Corporation Electricity 
Department. The whole of the works described in this Paper were 
constructed under the supervision of the consulting engineers to 
the Electricity Department, Messrs. C. S. Allott & Son, represented — 
by Mr. A. C. Dean, M.C., M.Sc., M. Inst. C.E. The contractors for 
the reinforced-concrete structures were Messrs. J. Gerrard & Sons, 
Ltd. The Author acted as resident engineer at the site during the 
work of construction. : 

The Author wishes to express his thanks to Mr. H. C. Lamb and 
Mr. A. C. Dean for permission to present this Paper. 


The Council invite written communications on the foregoing Paper, 
which should be submitted not later than three months after the date | 
of publication. Provided that there is a satisfactory response to this 
invitation it is proposed, in due course, to consider the question of — 
publishing such communications, together with the Author’s reply. 
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Paper No. 5026. 
‘‘Flow Between Piers: The Case of Small Loss of Head.” 


By Micnart GrorceE Jonipzs, B.A. 
(Ordered by the Council to be published n abstract form only.) 


A FoRMULA which is frequently used for the determination of the 
_ flow between piers when the water-surface is unobstructed is : 


Q=cwdV29(F,—d,) . ...- (i) 


where 
w denotes the total width of the waterway between the piers 


2 
Pi vieens ,, upstream head above floor-level datum = d, + 7 


ae ,, upstream depth, 
| ie ,, downstream depth, 
(oi 5 a coefficient. 

In recent work, it has been found by several investigators that 
the coefficient c’ varies with the ratio of the waterway between the 
piers to the natural waterway in the channel (the “ obstruction 
_ ratio’), and may exceed unity. The effect is that the coefficient 
increases with the obstruction ratio; since, however, the coefficient 
must be unity when the ratio is unity, it follows that it must attain 
a maximum, greater than unity, at some value of the ratio less than 
unity. 

The expression may, however, be written in the form :— 

a 2 QO =cWa,w/2(E, —d,) .. . - . . (i) 
' where W denotes the width of the natural waterway, so that 


w , 
ry approximately, 


r = ,, obstruction ratio, 
and -c==¢'rs - 

In this case, the coefficient cannot exceed unity, at which value 7 
is also unity, and it is therefore easier to deal with the experimental 
results. 

With the object of examining the effect of the obstruction-ratio 
on this coefficient, the Author collected data from experiments 
on models, and investigated the problem theoretically. 

For the case where the differences in level are small compared 
with the depths, the following expressions were determined 
__ theoretically :— 
d Q — KWawwvV 2g(E, a d) et es ee (iii) 

@ Ee ee, re ee 
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The expression (iii) has the same form as (ii) above, and experi- 
mental values of the coefficient c were calculated both from the 
Author’s data and from results obtained by Mr. H. Addison, 
M.Sc., Assoc. M. Inst.C.E.; these values agreed closely with the — 
values of K calculated from formula (iv) for corresponding obstruc- 
tion ratios, in spite of the wide variation in the other physical 
characteristics of the models used. 

The conclusion is reached that, for the type of flow considered, — 
and with certain defined types of structure, the obstruction ratio 
is the chief factor controlling the coefficient to be used, and that the 
formulas (iii) and (iv) may be used with confidence in practice, 
allowing a small margin of safety. 

In practical problems of design, the discharge, depth and allowable 
afflux are usually known, and the width of waterway has to be deter- 
mined. Formula (iii) may be used to find the necessary value of K, 
from which the value of the obstruction ratio can be obtained from 
formula (iv). Hence, the width necessary between the piers is rW, 
where W is the natural width of the stream, plus a small margin of 
safety. 

The formulas are applicable under the following conditions : 
(1) (a) The differences in level of the water-surface are small 
compared with the depths. : 

(b) The velocity of approach is taken as the velocity at the 
point where the upstream depth is measured. 
(c) The water-surface is unobstructed. 

(2) The piers are assumed to be approximately stream-lined, 
with no fluming on the discharge side. 

(3) If the channel is not rectangular, the width taken should be 
the average of the widths at the point where the depths — 
are measured. : 

(4) If the approach- and tail-channels are of different widths, 
the approach-channel should be assumed to be gently — 
flumed in to the same width as the tail-channel, ail 
Bernoulli’s theorem applied to determine the theoretical 
level on the upstream side of the structure. . 

(5) If the sill of the sluice is higher than the bed of the channel, 
the bed should be assumed to be gently flumed up to the 
level of the sill, and Bernoulli’s theorem applied as in 
(4) above. ; 


NOTE. 


The Institution as a body is not responsible either for the statements 
made, or for the opinions expressed, in the preceding Papers 
and Lecture. - ¥ 
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Norss on the work of the Building Research Station and the Road 
Research Laboratory of the Department of Scientific and Industrial 
| Research appear below. These follow the notes on the work of the 
Geological Survey and Museum and the Forest Products Research 
- Laboratory which appeared in the December Journal. 


-_ THE WORK OF THE BUILDING RESEARCH STATION. 


E The Building Research Station was established by the Department 
_ of Scientific and Industrial Research to provide a State service for 
the building industry. It embraces in its scope all building research 
problems other than those specifically concerned with timber, which 
are dealt with at the Department’s Forest Products Research 
_ Laboratory. 

While much work that is of engineering interest is necessarily 
carried out at the Station, yet in formulating its programme and in 
developing the types of service it renders, the primary concern has, 
naturally, been to meet the requirements of the building industry. 
The extent and ramifications of the building industry—using the 
term in its widest sense—render it necessary for the Station to 
cover a wide ground, giving rise to problems of considerable variety. 
This is due to the large range of materials employed in building, 
and from the fact that the Station is concerned not only with their 
behaviour in use but also, so far as may be necessary, with their 
manufacture. 

No attempt will be made here either to indicate the range of work 
which has been attempted at the Station or to summarize the results 
obtained, apart from a reference to certain investigations of interest — 
to the engineer. Full information on that subject is given in the 
various reports published by the Station. A brief description of its 
main activities will, however, be given, in order to furnish a guide 
to the various ways in which its assistance is placed at the disposal 


of the building industry. 
The character of the work of the Station may be described broadly 


under the following heads :— 
(1) General research. 
(2) Co-operative research. 
(3) Special investigations. 
(4) Enquiries. 
(5) Publications. 
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(1) General Research. 


Under this heading is comprised work on the fundamental pro- 
perties of materials, either from the chemical or engineering stand- 
point, work on problems of construction, and work on problems 
associated more directly with the comfort and appointments of 
buildings already in use, such as problems of heating and ventilation. 
The general aim of the work is to providea basis for the development _ 
of a real science of building, since building has in the past been 
guided more by tradition than by scientific knowledge. 


(2) Co-operative Research. 


Co-operative research undertaken at the Station should not be 
necessarily differentiated from problems of general research purely 
on account of the nature of the work undertaken; the difference 
lies rather in the fact that the subjects of co-operative research are 
identifiable with particular interests. For example, an association 
of manufacturers concerned with a particular material may express 
a desire to collaborate with the Station in the investigation of 
problems with which they are confronted, ora professional institution 
may wish to suggest matters for co-operative investigation. The 
Station is always ready to consider proposals for research in associa- 
tion with outside bodies, the cost of the work being shared on an 
agreed basis. Examples of such work are provided by the researchon _ 
pile driving and earth pressures now being arranged in co-operation _ 
with The Institution of Civil Engineers through their Research 
Committee. Another example, one of co-operation with an associa- _ 
tion of manufacturers, is the research on cast concrete products 
undertaken in conjunction with the Cast Concrete Products 
Association. ‘ 


(3) Specral Investigations. 


_ Individual firms frequently require an independent report on the 
properties of their products. The Station undertakes, on payment, — 
the investigations required and issues reports on the suitability of 
the materials for building purposes. Such work may be carried out 
on products in actual use and on materials in course of development, 
opportunities of aiding the development of improved products in 
this way being particularly welcomed by the Station. The reports 
issued are available, under certain conditions, for use for advertising © 
purposes. It should be noted, however, that the activities of the — 
Station in this direction do not embrace work such as would normally 7 
be undertaken by a consultant. Arrangements exist whereby — 
standardized tests on materials submitted for investigation, which — 
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are required by the Station for the purposes of reports, are referred 
to consultants on a panel, approved on the recommendation of a 
committee comprising the Presidents of the professional Institutions. 


(4) Enquiries. 


Closely associated with the section dealing with special investiga- 
tions is a special section of the Station devoted to the handling of 
the numerous enquiries received concerning building materials and 
processes. In cases where the information is available from existing 
records no charge is normally made, but where laboratory work or 
a visit to a site is required to furnish an answer, a fee to cover the 
cost is quoted. That the service rendered in this way is appreciated 
is indicated by the rapid increase in the number of enquiries. In 
1934, the Station dealt with two thousand and eighty-nine enquiries 
and special investigations; this represents an increase of five 
hundred and sixty-three over the previous year. 

The work of this enquiry-section includes references on building 
failures, for the Station is ready to assist, in appropriate cases, in 
dealing with building troubles by investigations, designed both to 


establish the cause and to suggest a remedy. 


- (5) Publications. 


The Station reserves the right to publish the results of investiga- 
tions whether they fall into the category of general research, 
co-operative research, or special investigations, though in the last 
two cases publication is subject to prior consultation with the outside 
bodies concerned. The publications take the following forms :— 

Annual Reports, which summarise the progress of the work of the 
Station from year to year. 

Technical Papers, which are essentially scientific accounts of 
researches on particular problems, and which are intended for the 
technically-qualified rather than for the lay reader. 

Special Reports, in which groups of associated problems, such as 
studies in connection with a particular product, are dealt with in a 
comprehensive manner for the information not only of the scientific 
worker but also of the manufacturer or user. 

Bulletins, which represent brief summaries of information on the 
selected topic, written so far as possible in non-technical language, 


and intended to set out the results obtained and how they should be 


applied, rather than the manner in which the results were obtained, 
Building Science Abstracts. The survey of literature dealing with 


building problems is an essential feature of the organization. 
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Abstracts of this literature are published monthly under the title 
“* Building Science Abstracts.” 

The above publications are issued through His Majesty’s Stationery 
Office. From time to time papers are also issued to the scientific 
or technical press, while every month a selection of the enquiries 
received at the Station, and the answers given, are communicated 
to various journals for publication in the form of Notes from the 
Information Bureau of the Station. Considerable importance is, 
in fact, attached to efforts towards making known the information 
at the disposal of the Station, for it is realized that the usefulness of 
the organization must depend ultimately on the extent to which 
its work finds application in practice. A further development of 
the methods of disseminating the results has been brought about 
recently by arrangements to hold exhibitions of its work from time 
to time at various centres, as opportunity offers. The first was held 
at Bradford in February, 1935 and the second at Manchester in 
October of the same year. 
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Engineering research recently carried out, and now in hand at. 
the Building Research Station, includes investigation of the following 
subjects :— 


(1) Concrete and reinforced concrete. 

(2) High-tensile structural steel. 

(3) Vibrations in buildings. 

(4) The development of methods of measuring stresses in 
existing structures. 

(5) Deterioration of structures exposed to sea-action. 

(6) Brickwork masonry. 

(7) The fire-resistance of structures and structural elements 

(8) Foundations. 


A 


(1) ConcreTE anp REINFORCED CoNncRETE. 


(a) Methods of Testing Cement. The work on concrete has included 
an investigation into the best form of test for measuring the concrete- 
making qualities of cement. This has been done in connection with 
the British Standards Institution Committee concerned with the 
revision of the Portland Cement Specification. 

(b) Workability and Grading of Aggregates. An investigation is — 
being made of the workability and grading of concrete aggregates. 
This work has involved the development of a special test, known as 
the “compacting test,” for measuring workability. Amongst 
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other matters of interest it has shown conclusively that the best 
proportions for concrete depend on the workability that is required 
for the particular work in hand. 

(c) Reinforced-Concrete Piles. In co-operation with the Federation 
of Civil Engineering Contractors an investigation has been made of 
the resistance of reinforced-concrete piles to the stresses imposed 
during driving. A Paper on this subject was read at The Institution 
on 12 November and the work is being continued in co-operation 
with the Research Committee. 

Further studies are being made of the various kinds of head-packing 
materials available, and of the various factors influencing the impact- 
strength of concrete. 

(d) The Temperature Effects in Concrete. Studies have been made 
of the temperature effects in concrete arising both from the evolution 
of heat during hydration of the cement and from external weather- 
conditions. The work has been described in various technical 
papers published by the Building Research Station and in articles 
sent to the technical press. 

(e) Reinforced Concrete. Several problems are being studied in 
co-operation with the Reinforced-Concrete Association. These 
problems include :— 

The redistribution of bending-movements in structures due to 
inelastic movement of the concrete and the steel. 

The cracking of reinforced concrete under conditions of complete 
and incomplete restraint. 

The effect of the size of cracks on the corrosion of the steel 


reinforcement. 
The bond and anchorage of steel reinforcement. The behaviour 


of long columns. 

For the Road Research Board, a study is being made of the 
behaviour of reinforced-concrete road-slabs under static loading- 
conditions. 

(2) Hicu-Tensite STRUCTURAL STEEL. 


Several special investigations of considerable scope have been 
made for steel manufacturers to determine the suitability of various 


high-tensile steels for use in buildings. 


(3) ViBRATIONS IN BUILDINGS. 

A study is being made of the effect of vibrations in buildings. It 
has been shown, theoretically, that there is very little likelihood of 
damage arising from traffic vibrations except in the case of extremely 
weak structural members, such as bric 
lime mortar. 
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(4) Toe DevELopMENT oF METHODS oF MuasurRiING STRESSES IN 
Existinc STRUCTURES. 


In order to examine the structural stability of various old buildings 
which have been suspected of being unsafe, a method has been 
_ devised of measuring the stresses in the structure. The method 
involves cutting out small specimens from the structure and 
measuring the release of strain that occurs as a result. The cost 
of the design of the apparatus was borne jointly by Sir Basil Mott 
and the Station. . 


(5) DETERIORATION oF StRucTURES ExposED To SEA-ACTION. 


In collaboration with The Institution of Civil Engineers, the 
Station has undertaken a lengthy series of experiments on the action 
of sea-water on reinforced-concrete piles. In the first place, the 
work was partly financed from the funds at the disposal of the 
Sea-Action Committee of The Institution. ; 


(6) Brickwork Masonry. 


In connection with the specification of suitable bearing pressures 
for brickwork built in compo mortars, tests are being carried out on 
a series of piers representing the range of compo mortars likely to 
be used in practice. ; 


(7) Taz Fire-Resistance or SrRuctuRES AND STRUCTURAL | 
ELEMENTS. 

The Building Research Station has collaborated with the Fire 
Offices’ Committee in the design and equipment of their new Fire — 
Testing Station at Boreham Wood. It was opened on 26 November, | 
1935, and tests will be carried out by the Building Research Station, — 
both to grade existing materials and methods of construction and 
also to carry out tests in accordance with British Standard Specifica- 
tion No. 476 (Standard Definitions for Fire Resistance). vom 


_ (8) Founpations. 


The work of Professor Jenkin at the Station is being continued — 
and extended. The various tests for classifying soils are being | 
carried out as a routine matter and new tests are being devised. | 
Work in connection with structures that have failed, and with the — 


_Ineasurement of settlements in buildings in course of erection, is 
also in progress. . 
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THE WORK OF THE ROAD RESEARCH LABORATORY. 


Statutory authority to conduct experimental work was conferred 
on the Ministry of Transport by the Roads Improvement Act of 
1925. Under the provisions of this Act, the Roads Department of 
the Ministry were responsible for the construction and equipment 
at Harmondsworth, Middlesex, of an Experimental Station, where 
laboratory tests could be made in association with the experimental 
work carried out on roads under normal traffic-conditions. Work 
at the Station began in April, 1930, and continued there under the 
direct control of the Ministry until 31 March, 1933. On that date 
the duty of directing and supervising the work of the Station (now 
the Road Research Laboratory) was transferred to the Department 
of Scientific and Industrial Research. 

The Minister of Transport had the advice of a Technical Advisory 
Committee, representative of Highway-Authorities and organizations 
interested in road-problems. So far as they concerned laboratory- 
work on road-materials and construction, the functions exercised 
by this Committee have been transferred to a Road Research 
Board appointed by the Committee of the Privy Council for Scientific 
and Industrial Research. In order to obtain continuity, the Road 
Research Board includes several former members of the Ministry of 
Transport Technical Advisory Committee, and the Chairman of the 
Board is the Chief Engineer of the Ministry of Transport. 

Part of the programme of the Ministry of Transport had consisted 
of full-scale tests, in co-operation with local highway-authorities, 
of road-materials and of different types of construction which were 
to be carried out in various parts of the country. The necessity for 
associating these tests with laboratory-work had been fully recog- 
nized, and samples of all materials used were regularly examined 
at the Laboratory ; in addition, tests were made on the finished road. 
Under the scheme now in operation, the Ministry of Transport 
remains responsible for the conduct of full-scale tests outside the 
Road Research Laboratory, and continues to be the channel of 
communication with the various highway-authorities. 

Arrangements have been made for all laboratory-work in connection 
with the Ministry of Transport full-scale tests to be continued at the 
Road Research Laboratory, very close technical co-operation being 
maintained between the Ministry of Transport and the Laboratory. 


GENERAL RESEARCH. 


Under the scheme of road research the whole of the laboratory- — 
resources of the Department of Scientific and Industrial Research 
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are available. The official headquarters are at the Road Research 
Laboratory, but some sections of the programme are being carried 
out at the National Physical Laboratory and at the Building Research 
Station, whilst close contact is maintained with the work of the 
Chemical Research Laboratory on tars for use as binders in road- 
construction, and with other laboratories of the Department. 
Unless otherwise stated, the items of work described here are carried 
out at the Road Research Laboratory. 

The general problem of road research can be divided into three 
main sections :— 


(1) Road-construction and design. 
(2) Road-usage. 
(3) Development of special testing-apparatus. 


(1) Roap-ConstRucTION AND DEsIGN. 


The materials and processes employed in road-construction are 
dealt with under the headings :— 

(a) Sow Physics, or research into those factors which produce 
deformation of a subsoil, is carried out for the Board at the Building 
Research Station. The object of the work is to provide the engineer 
with data which will give him a better understanding of the subsoil 
conditions. 

(b) Aggregates, Fillers, and Binders. These form the basis of 
most types of road-construction and their physical, mechanical, and 
chemical properties are investigated. : 

(c) Concrete and Reinforced Concrete (Surfacings and Founda- 
tions). Much of the work on cement and concrete is common to 
both the building- and road-industries. Research on the fundamental 
properties of concrete is being continued at the Building Research 
Station, while the aspects of the subjects of particular importance 
_ in road-construction, namely joints and cracks in slabs, and methods 

of field-control, are being investigated at the Road Research 
Laboratory. 7 

(d) Bituminous Roads (Surfacings and Foundations). Little in- 
formation is available on any methods of design for bituminous — 
mixtures which are based on fundamental principles. Most of the 
“tests” suggested are of an arbitrary nature and lack correlation — 
with actual road-behaviour. The problem is being attacked at the - 
Road Research Laboratory by means of small-scale laboratory-tests 
associated with tests in road-machines in which “ traffic ” conditions 
are accelerated. Surface-dressing can be considered as a particular 
type of road-surface treatment. . 

Research work on the mechanical and physical properties of tars” 
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and pitches, and mixtures of tars and pitches with aggregates, is 
carried out for the Road Tar Research Committee, on which repre- 
sentatives of the British Road Tar Association co-operate with those 
of the Department. 


(2) Roap-UsaceE. 

The major forces on the road, apart from those due to atmospheric 
conditions, are supplied by vehicles, and the road must be designed 
to resist these forces. 

This section of the research, therefore, deals with an estimation of 
loads applied to roads, together with other requirements, such as 
slipperiness and deformation, associated with the use of the road. 
That section of the work dealing with the factors in vehicle-design 
and usage which produce damage to the road is carried out at the 
National Physical Laboratory in co-operation with the Institution 
of Automobile Engineers (Research and Standardisation Committee). 


(3) DEVELOPMENT OF SPECIAL TrsTING-APPARATUS. 


Apparatus of new or improved design is necessary for most 
researches, and in some cases the whole investigation hinges upon 
the provision of suitable equipment. It is convenient to deal with 
each of these items under a separate heading. The apparatus 
already in use consists of 

(a) Vehicles for determining the skidding-characteristics of the 
road-surface. 

(b) Apparatus for measuring the impact of wheels on roads. 

(c) Core-drill for cutting samples from concrete or other roads 
for analysis. 

(d) Road-testing machines for determining the durability of 
road-surfaces. ‘Two machines are in use which have 
mean diameters of 5 feet 3 inches and 38 feet respectively. 
A third machine, having a mean diameter of 110 feet, 
is nearing completion. 


on includes a machine for making 


materials under rolling compaction, 
-irregularities of 


Apparatus under constructi 
large test-pieces of bituminous 
and a 16-wheel machine for measuring the surface 


roads. 


Co-OPERATIVE RESEARCH. 


As stated earlier, investigations are in progress in co-operation 
d the Research Section 


with the Road Tar Research Committee an 
of the Institution of Automobile Engineers. The Laboratory 3s 
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always ready to consider proposals for research in association with 
outside bodies. 


PUBLICATIONS. 


The publications of the Laboratory take the following form:— —__ 
(1) An Annual Report of the Road Research Board. This © 
summarises the progress of the work from year to year. The first _ 
report for the period ending 31 March, 1935, has been published. = 
(2) Scientific Memoirs. These will deal with items which are 
purely of scientific interest and will be offered for publication to 
scientific societies. = 
(3) Special Reports. At the commencement of a specific item of 
research it is necessary to bring together, in a suitable form, all 
information on the subject, together with a reasoned commentary — 
on such information. This is done in a special report which may 
not, therefore, include any results of work carried out at the Road 
Research Laboratory. ‘ 
(4) Technical Papers. These papers give full information on work 
carried out on any specific subject. They are intended for the 
technical rather than the lay reader. 
(5) Bulletins. These give in simple language the practical 
applications of work carried out on any subject which has been 
described in a technical paper. 
(6) Road Abstracts. A survey of current literature is communicated 
monthly to the technical press and published also as a special supple- 
ment to the Journal of the Institution of Municipal and County 
Engineers. aa 
Items (3) to (6) are published jointly by the Department of 
Scientific and Industrial Research and the Ministry of Transport. 


BORE Cen 


COAT GL PS 


wy, 
pe 


Se 


ee PP OS 


ERLE ENN EP SHAME AS TOR A a 


OBITUARY. 537 


OBITUARY. 


WILLIAM FERGUSON, M.A., B.A.I. (Dublin), was born on the 
15th June, 1852, at 26, Lloyd Square, London, and died at Wellington, 
New Zealand, on the 20th June, 1935. He served a pupilage with 
Messrs. Courtenay, Stephens & Co., Mechanical Engineers, Dublin, 
and then became Chief Draughtsman to Messrs. Ross, Walpole and 
Stephens, Dublin. From 1873 to 1877 he pursued courses of study at 
Trinity College and the Royal College of Science, Dublin; and for 
the last two years of the period he worked as assistant to Mr. John 
Bower, M. Inst. C.E., on waterworks and other contracts. After a 
short time as Chief Draughtsman to the Hydraulic Engineering 
Company, Chester, Mr. Ferguson became, in 1879, Assistant to the 


Professor of Civil Engineering at Trinity College, Dublin, and during 


1882 acted as locum tenens for six months. In 1883 he sailed for 
Dunedin, New Zealand, and in May 1884, was appointed Engineer 


4 and Secretary (and subsequently Treasurer) to the Wellington 


Harbour Board. He resigned from this position in February, 1908, 
but after a short leave of absence was appointed Consulting Engineer 
to the Board for five years. During his time with the Board he was 
responsible for the complete re-equipment of the harbour with up- 


a to-date hydraulic cranes and other plant for the rapid handling of 
__—s cargo. 


From May, 1908 to the end of February, 1917, he acted for the 
first year as General Manager, and subsequently as Managing 
Director, to the Wellington Gas Company, Ltd., during which time 
new works were designed and erected for the supply of Greater 
Wellington. Mr. Ferguson retired from the Directorate of the Gas 
Company and other offices held by him at that time in order to devote 
his whole attention to war work, having been appointed by the N.Z. 
Government to the honorary position of Chairman of the National 


Efficiency Board. 


From 1910 until 1924 Mr. Ferguson acted as chairman or member 
of many important commissions and was also appointed as Engineer- 


’ ing Member of the Board of Public Health. He was a Member of 


the Council of the Victoria University College for many years. He 


i was a Life Member of the Royal Dublin Society, a Member of the 
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Institution of Mechanical Engineers, a Foundation Member of the 
N.Z. Society of Civil Engineers and President for the year 1919-20. 

Mr. Ferguson was elected an Associate Member of The Institution 
on the 7th December, 1880, and transferred to the class of Member 
on the 16th May, 1893. He was from 1912 to 1914 the repre- — 
sentative Member of Council in New Zealand and for many years 
acted as Member and Chairman of the Local Advisory Committee. 

He married in 1890 Mary Louisa, daughter of Mr. William Moor- 
house, who died in 1930, and by whom he had one son and one 
daughter. 


ERNEST PRESCOT HILL, the elder son of Mr. G. H. Hill, 
a former Vice-President Inst. C.E., was born at Altrincham on the 
16th June, 1861, and died on the 18th June, 1935, at Bournemouth. 
After being educated at Upton House, Slough and Eton, he was 
from 1879 to 1883 a pupil of Mr. J. F. La Trobe Bateman, Past 
President Inst. C.H., and in 1885 became a Resident Engineer for 
Messrs. Bateman and Hill upon extensions of the Cheltenham 
waterworks, including the construction of the Dowdeswell reservoir. 
From 1886 to 1891 he was one of the Resident Engineers in the Lake 
District for his father upon the works of the Thirlmere scheme, 
including at the northern end the dams whereby that lake became 
a reservoir, and at the southern end the aqueduct towards Manchester. 4 

In 1891 he was transferred to London in order that he might be 
associated with his father’s practice there, the headquarters of the 
firm, however, still remaining in Manchester, where the firm of Messrs. 
G. H. Hill and Sons were created in 1894 with his younger brother 
also as a partner. During the course of his career, Mr. E. P. Hill 
carried out various waterworks, including the Embsay reservoir near 
Skipton, the Ystradfellte reservoir in South Wales, besides sundry 
work at other places including Huddersfield, Newport, Mon., and — 
Exmouth. He had an extensive consulting practice, in the course 
of which he went out to South Africa to advise Capetown with regard ~ 
to its waterworks. 4 

After the death of his father, on the 4th March, 1919, Mr. E. P. 
Hill dissolved the partnership with his brother and took over that 
part of the practice which centred on London, and pursued it until q 
his retirement. He contributed short Papers on “The Resultant — 
Thrust of Fluid-Pressure in Bend-Pipes,” and “ Yield of Catchment — 
Areas,” which were published in vols. cxiii and clxvii respectively | 
of the Minutes of Proceedings, Inst, C.E, 11 
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Mr. Hill was elected an Associate Member on the lst December, 
1891, and transferred to the class of Members on the 16th January, 
1894. He served on the Council of The Institution from 1919 to 
1928. He was also a Member of the Royal Institution. 

He married in April, 1887, E. Kathleen Lucy, daughter of the 
Rev. Pemberton Bartlett, Rector of Exbury, Hants, who survives 
him. 


STR HUGH REID, Bazrr., C.B.E., LL.D., son of Mr. James Reid 
of Auchterarder, Perthshire, was born on the 9th February, 1860, in 
Manchester, and died on the 7th July, 1935, at Belmont, Springburn, 


_ Glasgow. 


From 1876 to 1881 he served as an apprentice with the Hyde Park 
Locomotive Works of Messrs. Neilson & Co., at Glasgow, and later 
pursued a course of study at Glasgow University. 

His whole working life was spent with Messrs. Neilson Reid and 
Company and the North British Locomotive Company, Limited. 
He became a partner of the former with his three brothers in 1893, 
and on the death of his father, Mr. James Reid, M. Inst. C.E., in 1894, 


he assumed the position of senior partner with the firm. 


In 1903, an amalgamation of interests between the Hyde Park 
Works, the Queen’s Park Works, Polmadie, Glasgow, and the Atlas 
Works, Springburn, was effected, and the North British Locomotive 
Company, as it is now known, was constituted, with Sir Hugh as 
Deputy-Chairman and Chief Managing Director. 

_ Sir Hugh Reid was joint inventor in 1910 of the “ Reid-Ramsay ” 
steam-turbine electric-locomotive, which underwent some trials but 
was not actually placed in service. A second locomotive embodying 


a turbine was exhibited at the British Empire Exhibition in 1924, 


but in this case power was transmitted to the axles through double- 
reduction gearing. 

During the war he was a member of the Management Board for 
the supply of munitions in Glasgow and West, Scotland, and was 
ssociated with Red Cross work in that area. He received 
the Commandership of the Order of the British Empire for his services 
in that connection. He was created a baronet in 1922. He took 
a leading part in the life of Glasgow and was elected Lord Dean 


of Guild, and in 1917 received the freedom of the city. 


From 1925 to 1929 he served as President of the Royal Glasgow 
Institute of Fine Arts. His University honoured his services to the 
City of Glasgow by conferring upon him in 1929 the honorary degree 
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as Vice-Chairman. He was Darrah victa of the Goniea of 
the City of Glasgow, and Brigadier of the Royal Company of axchemg 
King’s Bodyguard for Scotland. 
Sir Hugh was elected a Member of The Tasiitetiens in 1897. 
served on the Council from 1922 until 1928. A 
In 1888 he married Marion, youngest daughter of the late Mr. 
John Bell, of Craigview, Prestwick, Ayrshire. She died in 1913. 
There were three sons and one daughter of the marriage. Sir 
Hugh is succeeded in the title by his elder surviving son, Douglas 
Neilson, born in 1898, his eldest son, Captain James Reid, 10th Bn. 
H.L.I., being killed in action at the Battle of Loos, 25th September, 
1915. 


2 | CORRESPONDENCE 
ON 


: PAPERS PUBLISHED IN NOVEMBER AND 
a DECEMBER 1935 AND JANUARY 1936 JOURNALS. 


VOLUME 1, 1935-36. 


Paper No. 5027.1 
a. “Sudan Railways, 1925-1935.” 


i. By Hersert Duncomse Brnpuey, M. Inst. C.E. 


: Correspondence. 


Be 
Ff, 


9 


i. 
Bp. 60 of the trouble experienced with bridges founded on “ cotton 
soil,” due to the piers having been forced out of alignment or level 
_ owing to the expansion of the soil after rains. It would be interesting 
to know what kind of foundation had been employed. Presumably 
those piers were founded near the ground surface. Was there any 
reason why they should not have been taken to a considerable depth, 
in an attempt to get down to more or less stable soil below the sur- 
face? On the Bengal-Nagpur Railway, where large areas of black 
cotton soil occurred, foundations for bridges were taken down to 
- good soil which was usually found at about 15 feet to 25 feet below 
ground level. : 
- Had any trouble resulted from the masonry of the piers or abut- 
ments cracking, either horizontally or vertically, and was reinforced 
concrete used te any extent in those structures, either in the 
~ foundations or the superstructure ? 
It appeared from p. 56 that there were sections of the track entirely 
~ pallasted with “ cotton soil,” where steel pea-pod sleepers had been 
employed. Success had also been achieved by filling over the cotton 
soil with disintegrated granite ballast, which had the effect of forming 
‘a waterproof surface preventing percolation into the soil bank. It 
~ would be interesting to know 

(a) the frequency and method of packing required at the joints, 
. especially during the rains, when the soil was water- 


logged ; 


i 


1 p. 49 (November). 
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Mr. J. E. Empxeron observed that mention had been made on Mr. Embleton. 


Mr. Embleton. 


Mr. 
Farquharson. 
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(b) whether any trouble had occurred from rusting of the st ee 
sleepers, or from the fastenings becoming caked with mud 


What size and depth of granite ballast surfacing had been found 
successful on cotton banks ? Apparently the top surfacing had beem 
taken right across the whole width of the formation. Had any 
attempts been made to drain the banks by a system of “ fan ”’ dr 
or to use “ boulder drains ” at spaced intervals across the bank ? 
It was noted that rail and flange lubricators were being tried om 
curves, in order to reduce the excessive wear on rails; particulars 
of the lubricators used would be of interest. ’ 
Mr. J. R. Farqunarson observed that, with an average section! 
under each track supervisor of 240 kilometres, and with each sec 
divided into ten lengths of 24 kilometres, the organization certainl} 
appeared simple, but ten subordinates was a large number to con ol 
directly and 24 kilometres was a long length for one gang. It would 
be generally acknowledged that the aim of a permanent-way organi 
tion was to maintain at the lowest possible cost the track and forn 
tion to a pre-determined standard to suit the traffic passing. T 
main points required consideration—the optimum gang length and 
the form of the supervision. Some of the factors affecting the former 
were :— . | 


(i) the distance which the gang could economically walk (or go 
by other means) to work ; 
(ii) the number of labourers that the average headman could 
control ; and 
(iii) the local characteristics affecting the amount of maintenance 
work. , 
The form of organization was affected by :— 


(a) the ability of the average gang headman ; 4 
(b) the means by which the supervisor could inspect the track ; 
and 4d 


(c) the ability of various classes of track supervisors available. 


It would be interesting if the Author could give some informatio: 
those or similar points which had influenced him in forming 
organization described. ‘ 

Mr. H. C. Keriny remarked that, although special study had been 
given to making buildings termite-proof, and mention had been made 
of various methods of construction employed, no description of 
proofing methods used had been given. Some particulars of t 
methods and their results would be interesting. “a 

In all parts of Nigeria both subterranean and non-subterrar 
termites were serious pests. Elimination of timber in the build 
was, of course, effective against both forms of termite, but it was 


> 
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that, in a country so richly provided with excellent hard timbers, Mr. Ketley. 
attempts should be directed rather towards proofing the timber 
against attack than to eliminating it from buildings and using 
imported cement and steel as substitutes. Undoubtedly a building 
‘could be permanently proofed against the entry of the subterranean 
termites by inserting one or more termite-proof courses (such as 
‘copper sheet) in all walls, but that was only effective if carried out 
with great care. The lower sections of door-frames and similar 
‘parts would also have to be of concrete, as the lower termite-proof 
‘course was usually fixed about 6 or 9 inches above floor level. 
In Nigeria, however, it was difficult to guarantee that the necessary 
‘care in supervision would be exercised to ensure the effectiveness of 
‘that method. There was also a danger that termites would obtain 
‘entry if the building were neglected at any time. Again, such 
‘methods were useless as safeguards against the non-subterranean 
‘termite, whose attacks were serious in most parts of Nigeria. 

A timber locally called Iroko (Chlorophora excelsa), if of first-class 


Eyuality and well seasoned, appeared to be immune from the attack 
of termites for at least 15 years, and there was a plentiful supply of 
it at reasonable cost in most parts of Nigeria. It was a strong and 
‘beautiful wood and was reasonably easily worked. It seemed 
likely that future developments in termite-proofing in Nigeria would 
be directed to the use of suitably-selected Iroko and to proofing 


‘other timbers with chemicals, creosote, and proprietary by-products, 


' 
y 
ui 


although the treatment of timber with such products had so far not 
been successful after the lapse of a few years. 


It would be interesting if the Author could give the results of his 
“experience of the methods described above, if they had been tried 
‘in the Sudan, or of other methods. 
Mr. J. N. D. La Tovcue observed that the Author did not state Mr. La Touche. 
how the staggering of rail-joints was arranged, but he presumed that 
it was in the usual manner with the joints in one line of rails opposite 
he middles of the rails in the other line. That had been tried on the 
Dhond—Manmad Railway (now part of the Great Indian Peninsular 
3 ailway), but had had to be altered on account of the dangerous 
eaying set up at certain speeds. A somewhat different plan had 
een adopted by Mr. W. R. Haughton, M. Inst. C.E., on the Ranaghat— 
Murshidabad extension of the Eastern Bengal State Railway; the 
oint on one side was laid with a lead of 2 feet 6 inches over that on 
‘the other, that being approximately the length of a fishplate plus the 
width of a sleeper. That gave a very smooth and silent road, and 
sven when the bank was soft, with earth packing, there was no 
endency to sway. On curves when the leading joint was on the 
tside the lead was allowed to decrease to 2 feet before a rail was 


- 


Mr. La Touche, cut to readjust it ; when the leading joint was on the inside, the le 


The Author. 
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a 
was reduced to 2 feat at the springing. g 
In his opinion cast-iron plate sleepers were much to be preferree 
to steel “‘ pea-pods,”’ as, even with reinforced lugs, the keys got 
and the trough sleepers were more difficult to pack. The p. 
were easily packed and had their whole bearing area under the r: 
where it was wanted. Slack on curves could also be better adjust bed : 
If a trough sleeper were damaged, the rail had to be taken out before 
the sleeper could be extracted, unless the old and (he believed) 
obsolete gib-and-cotter fastening were used. A damaged plate ci 
be taken out and replaced by a sound one without disturbing 
rails. There were six different types of steel trough sleeper on 
metre-gauge section of the Eastern Bengal State Railway, but n 
one of them had proved really satisfactory. | 
The AuTHOR, in reply, observed that the staggering of rail-joint: 
on the Sudan Railways had followed the normal system, the j 
in one line of rails being opposite the middles of the rail-lengths 
the other. . | 
_ The organization of track maintenance had been built up to suit; 


the conditions of the country, which was waterless all the year roun a 


in the northern part and waterless for nine months of the yea 
the southern part through which the railway ran. Permanent- 
gangs could therefore only be maintained at stations, and 
entirely dependent on train services for their food and water in 
places. They proceeded to and from their daily work by means 
mechanical trolleys. On an average section of 24 kilometres betwe 
stations the farthest point of their work was therefore 12 kilomet 
from their home station; actually, on some of the desert sect 
the stations were as far apart as 30 to 40 kilometres and secti 
gangs in that part had therefore to maintain 15 to 20 kilometres of 
track on each side of their stations. The average section gang 
eight to ten platelayers, according to the length of the section, 1 
of track, kind of soil formation, and other local conditions. Tr. 
supervisors were provided with mechanical trollies, but these 1 
being gradually replaced by motor gang trollies to enable the su 
visors to cover more ground. They were allotted travelling saloor 
and spent 2 to 3 days at each station, so they were therefore ena 
to inspect a part of each section gang’s work at least once a mo: yn’ 
The use of motor gang trollies enabled that inspection to be increa: 
considerably, as the supervisor was able to travel farther afield from 
each halting place. 

With regard to cotton soil filling, once the rains had sn : 
lifting or packing of the track was possible at all; that con: 
continued neoRely from the end of June to the beginnin 
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November, the period varying slightly from year to year, being The Author. 
“dependent on how early the rains started and how intense they were. 

On certain sections of the line trouble had occurred through steel 
‘sleepers rusting, and had generally been traced to the presence of 
‘salts in the soil. Trouble from the fastenings becoming caked with 
mud was not prevalent as a rule, as the track was not disturbed 
during the wet season. Ballasting with disintegrated granite was 
done to a depth of approximately 1 foot, as shown in Fag. 5. No 
attempt had been made to drain the banks other than by shallow 
‘surface-drains to take off top water and allow it to pass under the 
“rail; two such shallow cross drains were made to every rail length. 
| Boulder drains had not been used, as experience had shown that it 
| was essential to avoid allowing water to enter the bank. 

_ The type of rail and flange lubricator used was the “ Surge,” 


| manufactured by the P. & M. Company. 


ae 


Fig. 5. 
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Scale; 1 inch = 5 feet. 
Inches 12 6 0 1 2 3 4 5 6 feet 


_ With regard to the foundations for 15-foot span bridges, mass 
concrete had been used, and, as far as was known, in the earlier days 
of the Sudan Railways they had not always been taken down to any 
considerable depth. On the Gedaref extension underlying and more 
stable strata were found in most cases at a reasonable depth of 8 to 
15 feet below ground level. Vertical cracking had occurred between 
abutments and wing-walls, but little trouble had been occasioned 
through abutments or piers cracking either vertically or horizontally. 
No reinforced concrete had been used in the past, but in more recent 
years certain bridges over canals, in the Gezira and on the Kassala 
line, had been built with reinforced-concrete foundations in the form 
of a raft. The reinforcement had been carried up into the abut- 
ments and horizontally between the abutments and the wing-walls 


4 in such a way as to counteract cracking where that had previously 
~ been found to take place. 
‘With regard to the endeavours made to render buildings more 


termite-proof, the subterranean termites were the only species really 


The Author. prevalent that gave any trouble. In some of the older houses 
brickwork had been built in lime mortar and started off the top of 
the concrete foundation. It had been found that the termites made: 
their way up inside those walls, and that had been overcome by 
constructing a granite masonry found in cement mortar up to 1 
minimum above ground level and commencing the brickwork off 
top of that masonry found, which at the same time eliminated da 
ness from the wall. In the interior the concrete floor was mad 
recess into the wall, thus minimizing the risk of a space being 
between the floor and the wall through which the termites ¢ 
ascend. In the Sudan timber was scarce, and up till quite rece 
the entire requirements for building construction had been importe 
that the elimination of timber from buildings had not led to incre 
initial costs ; in fact, in some cases a saving on original costs had been 
effected, and definite savings on maintenance costs had resulte 
The disadvantage of creosote and of proprietary by-products 
that an oil paint finish as required in first-class work could not 
given until the creosote had dried off the surface, which had then 
be treated with aluminium paint or some other sealing coat to preve 
subsequent discoloration of the oil paint by the creosote. The on 
proprietary preservative not possessing that disadvantage that 
been tried out with success as a proof against termites wa 
“ Cuprinol,” of which extended use was now being made. 
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Paper No. 5003.1 


“The Open-Frame Girder.”’ 
By Epwarp Hucx Bateman, M.A., B.Sc., Assoc. M. Inst. C.E. 


Correspondence. 


Mr. L. A. Brauroy observed that the application of the str 
energy method of stress-analysis to the solution of open-frame gird 
or Vierendeel trusses, was of great interest at the present time 
more and more trusses of that type were now being erected. T 
was largely the result of the introduction into structural steel 
practice of welding, which had made available a very satisfactory 

_ medium for the fabrication of rigid frames without diagonals, and 
had given great impetus to their construction. ~~ 


a 


" 1 p. 67 (November). 


Vi CORRESPONDENCE ON THE OPEN-FRAME GIRDER. 547* 


f it might perhaps be useful to summarize some of the limita- Mr. Beaufoy. 
‘ - of the analyses presented by the Author, which appeared to 
es 


. That the depths of members were ignored ; 

. That chords were assumed to be parallel ; 

. That chords were assumed to have the same stiffness ; 

. That all vertical post members were assumed to have the 
same stiffness ; 
5. That all members were assumed to have a uniform moment 

of inertia ; 
6, That no account was taken of gussets at the joints. 


Hm WD Re 


Those characteristics were not, of course, realized in practical 
cases of Vierendeel trusses, but although that was so, the strain- 
‘energy method could still be relied upon to give a valuable first 
solution, and the Author had shown how the method might be 
_ applied when chords were not parallel or of equal stiffness. The fact 
- remained, however, that in girders of the open-frame type strong 
" gussets were frequently used, whilst cases did arise where members 
_ were stiffened locally or where the vertical posts had different stiff- 
"nesses, so that there was certain to be a redistribution of stresses 
due to those causes. 
_ Account could be taken of all such factors in the deformeter method 
of stress-analysis, in which a two-dimensional model of the girder 
was subjected to test. The model was accurately proportioned 
_ to reproduce the stiffness-characteristics of the prototype, and was 
_ constrained at supports in a similar manner. To determine the bend- 
k ing moment at any particular section, the model was cut at that 
section, and the cut ends were twisted relatively to one another by 
an instrument which imposed a known amount of twist. The whole 
model, which was supported on a floating bearing, deformed and took 
up a new position. The resulting displacements of the points on 
the model at which loads were carried in the prototype were then 
measured in the directions of the lines of action of those loads. 
The bending moment at the cut section could then be calculated on 
" the basis of Maxwell’s theorem of reciprocal deflections. It would 
be evident that, by suitably designing the model, allowance might 
be made for any of the variable factors mentioned above. Thus 
_ the model was well adapted for use after preliminary calculations 
~ had shown which were the critical sections in the girder. 
As a matter of interest, he had analysed by model one of the 
‘cases solved by the Author in his Paper (p. 80), namely, the case 
here N =6 ands =}. No gussets were assumed, but allowance 
was made for the depths of members (that, incidentally, would 


AY 


Mr. Beaufoy. 
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modify the value of s). The actual aocoetied) fespoee 
were : 
Depth of chord = 0-092 H. 
Depth of post = 0-1 L. 
Ratio H/L = 1-40. 


“a 
The results were shown in Table XII, where the values of the bend 
moments had been expressed in the same way as in the Paper, a 
the Author’s calculated values were also given to aid comparis 


Dawe xT 
N= 6igt Vei== 4, 
The figures in italics give the calculated values ol Table III (p. 80). 
Values of the chord bending-moments. 


R=1 R=2 R=3 R= 

a, 1:39 1-40 1-11 0-76 
= 14338 | 1-5088 | 1-2195 | 0-8327 

By 1:81 1-08 0-71 0-47 
18995 | 1-1579 | 0-7805 | 0-5006 

a, 1 0-89 0-73 0-88 0-62 
—0-9312 | 0-7017 | 0-8780 | 0-6642 

Ba 0-20 1:82 1-10 0-62 
0:2645 | 1:9650 | 1-1220 | 0-6692 

Ope tad ee Tee 0-32 0-47 


— 0:1748 0:0353 | 1:7073 0-8428 


Values of the post bending-moments. 


ay 1:39 1-40 1-11 0-76 
1-4338 15088 | 1-2195 0-8327 

Bi t+a,| 0:98 1-81 1-59 1-09 
0:9683 18596 | 1:6585 1-1648 

Bz + a3| — 0-24 0-55 1-42 1-09 
— 02274 0-5964 | 1-4146 1-1597 

Bs + a4] —0-53 | — 0-82 0 0-82 
— 0:5446 | — 0-8075 0 0-8075 

TaBLE XIII. 


N=6; ‘s=}. 
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It would be seen that the effect of the depth of members alone Mr. Beaufoy. 
was appreciable in the modifications which it made to the bending- 
‘moment distribution in the girder. That was seen to be true, even 
‘for the proportions used in that case. Perhaps more usually in 
actual girders the depths of members were proportionately even 
larger, and it was therefore to be expected that there would be cor- 
“respondingly greater discrepancies between actual and calculated 
moments. Another model, having members of greater depths, 
‘was therefore later tested’ for (Bz; + aj), namely, the bending 
| moment at the ends of the second vertical post. In that case, the 
geometrical proportions of the model were such that the depth of 
- chord was 0-184 H and the depth of post was 0-2 L, gussets of radius 
0-114 L being allowed for at the joints. The results were as given 
in Table XIII. 
The model tests described above illustrated the effect of omitting 
from the calculations any consideration of gussets or of depths of 
“members. Probably the effect due to the latter cause could be 
allowed for by suitably modifying the calculated stiffness-ratios. 
fa The AuTHoR replied that it was most interesting to have such The Author. 
excellent experimental confirmation of some of the calculations 
‘given inthe Paper. The calculated values were on the whole slightly 
higher than the experimental values; that, as Mr. Beaufoy had 
pointed out, was due to the fact that the calculations were based 
‘on the theoretical centre-lines and that no modification had been 
Binade to allow for the depths of the members, apart from their 
relation to the stiffness values. When gussets were used in the model 
the divergence between the experimental and calculated results 
was greater, but if the calculated values of the moments at the 
joints were used to determine the moments at the critical section 
where gusset and member met, reduced values would be obtained 
“which would agree more closely with the experimental figures. 
Mr. Beaufoy had observed that in model experiments many factors 
could be taken into account, the inclusion of which would be 
‘impracticable in theoretical analysis. If Mr. Beaufoy intended to 
suggest that analytical methods could be dispensed with altogether, 
‘there were several considerations which should not be overlooked. 
In the first place, the question arose as to whether the girder of 
‘uniform section was a possible form of design. Uniformity, whenever 
possible, was an essential feature in engineering design. For example, 
_ in the case of a triangulated bridge-girder, a uniform panel-length 
was adopted to make floor-units interchangeable, and the depth 
of the girder was diminished near the abutments so that in a through 
ridge there was no very great variation in the maximum loads on 
h upper chord section, whilst that variation in depth also reduced 


The Author. 
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the inequalities in shear-load distribution in the web members: 
In the case of the open-frame- girder the chord members carried 
normal axial loads, which were greatest in the centre, and they a: 
carried the shear loads, in the form of the bending moments referr 
to, which were greater near the ends of the girder and less near the 
centre. ; . 
Another factor which had to be considered was that analytic; 
methods were of importance when they gave not merely numeric 
results but expressions involving, for example, the lengths, momen 
_ of inertia, numbers, and positions of the various members, so 
the effects of variations in those quantities could be assessed. 
of the main purposes of the Paper, however, was the estimati 
of possible limiting values for the points of inflexion in the memb 
if those could be determined within reasonable limits, exact comp 
tion whether by analytical or experimental methods would be un 
necessary. The effect of relative stiffness on the position of the point 
of inflexion was set out in Table XI (p. 92), and it was pointed 
that in the case of a ten-panel girder fully loaded the points o 
inflexion in the three end panels, where the bending moments we 
greatest, were located close to the mid-points of the members, t. 
divergence being not more than about 10 per cent. of the panel leng: 
in the case where the web members were of the same stiffness as t 
chords. In conclusion, a recent observation by Professor Har 
Cross 1 might be quoted: “ The analysis precedes and dictates the 
design ; after design no analysis is needed.” | 


* “The Relation of Analysis to Structural Design.” Proc. Am. Soc. C.E. 
vol. 61 (1935), p. 1119. ' 
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Paper No. 5024.? , 
“Earth-Pressure on Flexible Walls.” | 


>; 


By Jens Peter Rupotr Nretsen Srroyer, M. Inst. C.E. 

Correspondence. a 

Mr. D. H. Lex observed that it was always easy to criticize earth- 
pressure experiments, on account of the great difficulty in obtain 

_ conditions in the tests which removed the many sources of err 

the results. In the Author’s experiments pressures and moments 


2 p. 94 (November). 
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had been obtained on one face of a box, the sides adjacent to that Mr. Lee. 
tested having been themselves not stiff enough to be without deflec- 
tion comparable to that which had been obtained by the thicker 
test-plates. 

_ It seemed reasonable to suppose that friction on the side walls 
had induced side support. Thus for a long wall the true horizontal 
pressures would be greater than those recorded, and the value 
for the reduction-factor, which was apparently slightly on the low 
side when taken as r=2f/(1-+-f2), might in fact require raising also 
to allow for the side support reducing the effective volume of material 
exerting pressure on the plate. Although lateral arching might 
not be great at the end of a slip it would appear to be discernible in 
Figs. 24 (A) and (B), p. 139. Friction on the side walls causing lateral 
arching would be a function of grain-surface state rather than grain- 
shape, but the internal friction for the dry materials used was, 
_ generally speaking, dependent on the ratio of the conjugate diameters 
of the grains and the variation in size as well as on the surface 
condition. That might be the explanation of the greater slides in 
_the case of linseed after the grains had been roughened by continued 
abrasion, and similarly withthe pea gravel before the surface polishing 
had taken place ; in both cases the slides had been caused by a break- 
_ down of part of the lateral arch. 

The reduction-factors proposed might appear higher than was 
expected, but the tests had been on materials apparently nearly 
- devoid of cohesion, while the materials behind sheet walls examined 
by Dr. Ehlers and referred to in Mr. Stroyer’s book,! might possibly 
have had, in general, sufficient cohesion to have exerted less lateral 
pressure and thus to have exhibited the equivalent of a lower moment 
reduction-factor. As the upper limit for combined cohesion and 
internal friction, Mr. Leys2 had suggested a value of k=1-6 ton per 
_ square foot at an angle of internal friction of about 17 degrees, which 
_ properties he had inferred for a mixture of earth and stones, whilst 
“Mr. Bell 3 had found nearly the same values for a very stiff boulder 
clay. It seemed certain that materials of those types would exert 
fairly permanently both reduced moments and reactions on a sheet 
wall, and the earlier supposition that they usually exerted reduced 
‘moments, although seemingly without cause, might thus be ex- 
plained. It was thus no matter for great concern that the Author 


id 


4 1 R. Stroyer, “‘ Concrete Structures in Marine Work,” p. 23. London, 1934. 
2 H. H. Leys, “‘ The Surface of the Earth as a Material of Construction,” 
Journal Inst. Struct. E., vol. xii (1934), pp. 198 and 343. 

3 A. L. Bell, “‘ The Lateral Pressure and Resistance of Clay, and the Support- 
ing Power of Clay Foundations,’’ Minutes of Proceedings Inst. C.E., vol, excix 
(1914-15), p. 233. 
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recorded values for the reduction-factor higher than might 
been expected, seeing that the effects of cohesion could hardly h: 


materials would have been to introduce many complications. | 
With regard to the permanency.of the state of flex, it seemed possible 
that work supporting railway-tracks would be an instance where: 
the flux state might easily be reached, particularly in the cas 
sheet walls partly in water. The Author’s opinion that pas 
resistance might also revert to the flux state was of great inter 
Whilst Dr. Franzius 1 contended that the angle of internal friction 
the same for immersed soils, it would appear that any passi 
resistance due to cohesion would be reduced by immersion (unlike: 
dampness), and thus the Author’s opinion in that case would appear 
to be a warning against using too low a factor of safety in the estim 
tion of the passive resistance of the foot of a sheet wall subjecte 
vibration, such as was caused by railway traffic. The fact rema 
that much evidence was available to show that at ordinary de 
the passive resistance of soils was, in general, greater than t 
1 + sin 0 
1 — sin 6 i 
reciprocals of Professor Jenkin’s? coefficients of active pressure 
would seem justifiable in all cases where the soil was essential ly 
granular in character and no vibration of magnitude occurred. 
Professor K. von TEerzacut, of Vienna and Harvard Univer 
remarked that he was greatly interested in the problem of “ archi 
which had engaged his attention for several years, and that he 
himself carried out tests on rigid retaining walls. There appeared 
to be the following probable sources of error in the Author’s testing 
apparatus :— ; sg 
(a) The assumption that the earth-pressure moments and their 
deflections were proportionate would be correct or 
if the deflection had no influence on the distribution 
the lateral pressure over the back of the plate. In 
reality, that distribution changed with increasing deflec 
tion. However, the error due to that change - 
relatively insignificant. “ 
(6) The influence of the friction between the side walls of t he 
container and the backfill would affect the distribution 
of stresses within the fill. ; 
1 0. Franzius, Discussion on “ Analysis of Sheet-Pile Bulkheads.” 
Am. Soc. C.E., vol. 100 (1935), p. 772. : : 
2 C. F. Jenkin, ‘‘ Earth Pressure Tables.” Building Research Special Report 
No. 24, Published by H.M. Stationery Office. London, 1934. » 
8 “ Large Retaining-Wall Tests,” Engineering News-Record, vol. 112 | 
pp. 136, 259, 316, 403, 503. | 


obtained by Rankine’s coefficient , and the use of t] 
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(c) The supports A and B (Fig. 4, p. 105) yielded elastically Professor von 
during the filling of the box, approximately in direct T*8"!- 
e proportion to the pressure on the supports. When the 
box had been filled ready for a flex test, the total pressure 
on A and B was equal to the sum of the lateral earth- 
pressure P and the balancing force W, or approximately 
equal to 1:8 P. During the flex test the force W was 
gradually reduced to zero, and the total pressure on the 
supports A and B decreased from 1:8 P to P, which 
decrease involved an advance of those supports towards 
the fill, of approximately half the original yield. Accord- 
ing to tests which Professor Terzaghi had carried out 
7 years ago at the Massachusetts Institute of Technology, 
the slightest advance of a lateral support towards the 
‘ fill produced a substantial increase in the lateral pressure. 
Hence it seemed probable that the decrease of the greatest, 
bending moment produced by the gradual elimination 
of the force W was associated with an increase of the 
if lateral pressure P, without the experimenter being in a 
position to estimate that increase. 


. The AvutHor, in reply, observed that his tests definitely proved The Author. 
_ that the effect of a state of flux on a soil in the flex condition was that 


outwards, and in the case of the wall pressing on the soil, as with 
passive earth-pressure. Mr. Lee was therefore striking the right note 
in advocating caution when estimating the passive resistance wherever 
there was danger of strong vibration, likely to induce a state of flux. 


‘The passive resistance given by Rankine’s formula was, as Mr. Lee 
_ pointed out, on the safe side, and values more in accordance with 
actual facts might be obtained either from Professor Jenkin’s figures 


| 


pot from Professor Max Moller’s curves.! In reply to Professor 
| “Terzaghi’s comment (a), it should be noted that even with two so 
_ widely different loadings, and such varying moment-curves, as those 
produced by the water load and by the earth-pressure triangle, yet 
the difference in maximum moments for the same deflection was 
quite small; therefore with loadings so much more similar, and 
‘moment-curves still more so, as those produced by earth-pressures, 
~ even with greatly varying distribution, the difference in maximum 
moments would surely be very small indeed. 
With regard to the effect of the friction on the sides of the con- 
tainer, mentioned by Professor Terzaghi (b) and also by Mr. Lee, 
that friction was already fully mobilized when the flex test began, 
Vee SS eee eee 


tee 2 London, 1934. 
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as the elastic supports had already receded under the influenc 

P and W. It was therefore to be expected that both the im 
balanced value, and also the final flex value, would be obtai 
subject to the full friction. As the object of the tests was to dete: 
mine, not the absolute values, but the relation between the initia 


the effect of the friction on both might be neglected. 
The effect of the rebound of the supports, discussed by Professor: 
Terzaghi under (c), had received due consideration by the Author, 


test. While the supports were moving in, the middle of the p: 
was moving out on its own account, and at a rate many times grea’ 
It would appear that there was an essential difference betwee 
quiescent soil where the supports were being pushed in, and a s 
where the particles were all moving due to other causes. The resis 
ance to the inward movement of the supports would therefore appea 
to be non-existent, or practically so, during that particular pha 


had taken place in a material alive with movement, and that con- 
sequently no extra strain had been put upon the deflecting plate, 
That conclusion was also confirmed by the “ free wall ’”’ tests (whe 
the rebound phenomena did not occur) which gave the same res 
as the flex tests. The measurements of the support-movements 
were carried out only with a view to determine the error in deflection 
introduced thereby, and the support records gave the combi 
movement of the two supports at a point located at the same height 
as the point B on the plate, where the deflection was measured. 


Professor VON TERZAGHI, in a further contribution, agreed that t 
sources of error discussed above would probably have no appreciab 
influence on the test results, but observed that separate record 
the top and the bottom supports would have given much valu: 
information on the vital question of distribution of pressure on 
back of the wall. Referring to a recent article on the theory ) 
arching,1 he pointed out that there was a great similarity betweer 
the problems discussed therein and the flex phenomena investiga’ d 
by the Author. When the upper strata of a fill suffered i incomp. 
lateral expansion, a pressure-distribution resulted which was totally 

1K, Terzaghi, “A Fundamental Fallacy in Earth Pressure Co 


tions.” Journal of the Boston Society of Civil Engineers, vol. xxiii | 
p71. 
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different from the generally-accepted hydrostatic triangle, and was Professor von 
characterized by a considerable increase in the top pressure associated dereeeet 
with a corresponding decrease in the bottom pressure. That effect 
was observable with rigid walls subject to small movements, having 
been demonstrated by his tests,! and the redistribution would be 
even more pronounced with flexible walls, where the top support 
was restrained and the top layers prevented from attaining the 
lateral expansion necessary for hydrostatic distribution. Separate 
‘records of the two supports during flexing would have shown the 
“upper reaction to bear a much greater proportion of the total pressure 
than the generally-assumed one-third. 

Professor Terzaghi would suggest the following explanation of the 
influence of wall-thickness on the lag, an influence which had not 
been accounted for in the Author’s Paper. Assuming that the ratio 


Fig. 25. 
fe) M 


DEFLECTIONS. ——>- 


etween the bending moments and their respective deflections was 
“constant, a moment-curve could be plotted from the deflection- 
_ record, and would give the value of the moment on the plate at any 
point during the deflection, from zero at the beginning of the test 
to the final deflection at the end of the test. The two chain-dotted 
es OT and OH (Fig. 25) represented the deflection-records for a 
in and heavy plate respectively. The line OA indicated the check 
e (for full earth-pressure), the deflections being represented as 
— abscisse along the line CA. The lags for the thin and the heavy 
plate were represented by TA and HA respectively. The correspond- 
ing moment-curves were shown as OT’ and OH’, the full moment 
eing indicated by the line OM. Now, although the two moment- 
urves appeared to be quite different, they were actually identical 
when referred to the same scale, it being remembered that the full 


‘] a 1 Loc. cit. 
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earth-pressure deflection CA was many times greater with the thi 
plate than with the heavy plate. The straight part of the defl 
record was not strictly parallel to the check line OA in the ca: 
the heavy plate, although with the thin plate it was practically 
Therefore the whole of the moment-curve OH’, when reduced to 
same scale as that of OT’, lay on the first curved portion of the la’ 
and only the thin plate had a deflection large enough to let its mor 
line OT’ emerge from the curve to the straight portion, which 
practically horizontal, so that the reduced moment remained ne 
constant for any further deflection. In other words, it required a: 
certain minimum deflection to reduce the moment from the ful 


Fig. 26. 
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value CO to the flex value AT’, and the heaviest plates did not. 
sufficiently to attain that reduction. That minimum deflecti 
sand appeared to be about } per cent. of the plate span (36 in 
The plate thickness, per se, had therefore no bearing upon the 
phenomena, except inasmuch as the deflection had to be suffic 
if the full reduction were to develop. From tests which he ee c 
out on stiff walls he felt confident that that required n 
3 per cent. of the span would be still smaller if the fill materia 
compacted as it was brought in behind the wall; he unde. 
however, that no such tests had been carried out by the Author 
In conclusion, he ee N his interest i in the tests carrie ou 
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significant that even such violent disturbances as those produced Professor von 
by the rope test (Fig. 13, p. 119) were insufficient to destroy the pereeei 
flex condition. At the same time it was important to bear in mind 

that vibrations, especially with granular materials, tended to produce 

a state of flux, and that should be taken into consideration in esti- 

mating the flex reduction. 

_ The AvtHor observed that, following the lines indicated by The Author. 
Professor Terzaghi, he had prepared a set of moment-curves (Fg. 26) 

for the different materials tested, with the exception of the Kentish 

Rag, which was not a truly granular material. The curves presented 

a uniform appearance and showed the influence of the liquidity- 

factor on the flex reduction. 

- Although the Paper did not mention any tests with compacted 
‘material, he had carried out several such tests, and the results were 

exactly as anticipated by Professor Terzaghi, the lag being much 

‘more pronounced, and the deflection required to produce it being 

‘only about 0-1 per cent. of the span. The thin-line curve in Fg. 26 

‘showed a typical sand test where compacting was carried out to 

the extent of raising the balancing pressure from 17 inches of water 

to 24 inches of water. 


a Paper No. 5007.1 
“Vizagapatam Harbour.” 


4 By Witrrip Cracrorr Asx, B.Sc. (Eng.), and Oscar BRANCH 
 . Rarrensury, B.Sc. (Eng.), MM. Inst. C.E. 


Correspondence. 


r, of Madras, having in view the comprehen- Mr, Alexander. 
wished to confine his remarks to littoral 
the Madras seaboard. A most interesting 
d lucid description of coastal sand-travel, as found near Madras 
‘harbour, had been given by Sir Francis Spring? in 1912; the 
‘problem still existed there, but not in so acute a form as at Viza- 
apatam, where apparently dredging would always be necessary to 
keep the entrance-channel open to trafiic. There now appeared to 
be some uniformity of opinion as to the principal agency promoting 


; Mr. G. P. ALEXANDE 
sive nature of the Paper, 
ift and its application to 


k 
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2 Coastal Sand-Travel near Madras Harbour, 
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Mr. Alexander. sand-drift ; the primary cause was undoubtedly wave-action, w 
was confined to a narrow belt close in-shore, where the wave 
~ of a translatory type. A secondary agency inducing sand- 
(at any rate near Madras), was undoubtedly the combined actio 
the littoral and surf currents which, although feeble, atta 
sufficient velocity during the south-west monsoon to carry the f 
particles of sand into “‘ dead’ water, thus forming deposits. Fron 
the remarks made by the Authors and from his own experienc 
Madras, it could safely be assumed that there were no tidal curr 
of measurable magnitude sufficient to promote sand-travel along th 
Madras seaboard. 
There was some diversity of opinion about the most effective - 
of counteracting sand-travel, but local conditions would alw; 
play an important part in that complex subject. At Vizagapat 
for instance, Mr. Ash had decided that the best way to deal with 
problem would be to reduce the agency by which sand was mo 
and to create a “trap,” protected from the worst weather, w1 
the dredger could lie with reasonable comfort and remove 
seasonal accumulation of sand. At Madras, on the other hand, 
had been decided to throw out a shore-connected groyne to reta 
the sand-drift past the harbour, which, if not arrested, mi 
eventually threaten the approaches to the Port. Reviewing 
results after 10 years, Mr. Alexander considered that the experiment 
had only been partially successful ; most of the wave-driven beach- 
sand had been confined south of the “ trap,’ but the com 
‘ action of the surf and littoral currents had carried a consid 
amount of the finer particles of sand around the end of the 
trap, where a deposit had formed. The deposit was small 
unimportant at the present moment, but it would undoubted] 
become a major problem when it increased sufficiently to comé 
under the influence of the waves of the south-west monsoon. 

On account of his experience at Madras, he considered that the 
construction of the island breakwater was the better method to apply 
at Vizagapatam. He would be glad if the Authors would sa 
the island breakwater had affected the littoral or surf curre 
the vicinity of the entrance, including the gap between the Dol 
Nose and the end of the island breakwater. He would also | 
know whether the depth of water between the Dolphin’s Nose a1 
the island breakwater had increased or decreased since the cor 
struction of the breakwater. 1 

He would be glad if Mr. Rattenbury would clarify the explan 
given (p. 254) to account for the variation between the direction 
the currents during north-east and south-west monsoons. . | 
stating that the tidal currents in the bay were small and unimpor 
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Mr. Rattenbury went on to say that, during the south-west monsoon, Mr. Alexander. 
the ebb set up the coast at the rate of about 1 knot, while during the 
north-east monsoon, the alongshore current was down the coast, 
and that he attributed those variations to wave-action. Mr. 
Alexander would like him to re-affirm that it was the “ ebb ” which 

set up the coast, and he would suggest that the currents were not due 
to wave-action but to the prevailing monsoon-winds. 

_ Mr. J. N. D. La Tovcue drew attention to the remarks about Mr. La Touche. 
manganese and mild-steel cutter blades (p. 272), and observed that it 
was noteworthy that the Indian beldars (navvies) preferred the soft 

native iron for their phowras, or excavating hoes, to the cast steel 
of those sent out from England; they said that the soft iron both 
cut better, and lasted longer, than the steel. 

_ Mr. James MircHEen observed that the decision to make a land- Mr. Mitchell. 
locked harbour at Vizagapatam, instead of an offshore one, was 
undoubtedly wise, but it was somewhat surprising to find provision 
being made for scouring-basins. Such basins had a limited value 
‘where the depth aimed at was only a little below low-water level, 
but with the depths required for modern vessels they had little or 
‘no value, and the large area which they necessitated could generally 
be used to much better purpose. 

_ The ideas of the island-breakwater and the sand-trap were well 
conceived, as was also that of the use of steamships as a nucleus for 
‘the breakwater. In no other way, probably, could the breakwater 
have been so quickly and so certainly constructed. The breaking 
of the backs of the vessels was a thing likely to occur, but was of 
comparatively little importance. With reference to the statement 
‘on p. 287 that, in sinking the “ Janus,” “the ship moved bodily over 
about 15 feet as she was grounding,” it might be suggested that in 
such works, and in the sinking of caissons in the open sea (where it 
was of the utmost importance that sinking should take place as 
quickly as possible after the structure had been got into position), 
a much larger area of scuttling-valves should be provided than was 
usually the case. The valves, being intended for only a very 
temporary use, might be simple and inexpensive, while in the case 
of a ship, their number might be reduced by burning holes in the 


pulkheads, so as to put the various compartments into such com- 


munication with each other as might be thought advisable. The 
dging work, and at 


sand-trap was an old and useful device in dre 
he harbour of Aberdeen it had been used for well over half a century 


th excellent results. 

The location of the breakwater was a very suitable subject for 
nvestigation by means of models, and attention had been drawn 
jn the Paper to the necessity for exercising a considerable amount 


Mr. Mitchell. 


_ direction was dictated more and more by the contours of the sea- 


added the currents similarly induced by the heaping-up due 


not that between a fluid and a granular mass.” It was true t 
in the case of the sand, each grain was coated with a film of w 
which moved with it, just as in the case of a larger stone, and 
that film would have an enormously greater influence on the 
ment of the small particle than on that of the larger one. 1 
indicated one of the great difficulties in securing similarity of | 
ditions in such models, but it did not appear probable that it w 
be helpful in interpreting results to regard a mass of wet san 
being a heavy fluid. With regard to the model generally, it mi 
be suggested that its north-east wall was too near to the chan 
and to the island-breakwater, to give a complete reproduction 0 of 
actual conditions. ; 

Reference was made (particularly on pp. 243 and 256) to t 
obliquity of waves breaking on the beach, and to the influenc 
such waves in causing sand-travel along a strip of the beach fi 
400 to 600 feet wide. Attention was also directed, both on p. 
and in other places, to the feebleness of the sea-currents. Li 
continued observation of the waves breaking on a beach dt 
storms showed that their direction was unaffected by the direct: 
of the waves in the offing. As the waves approached the land, 


That was particularly the case with a ground-swell, which, 
a seaman’s phrase, began to “smell the bottom” in much de 
water than in the case of what might be called a “ wind-wave,’’ > 
its much shallower zone of influence. With regard to the tte 
of the currents, there was, during a gale, a pronounced heapi 
of the water in the direction towards which the wind blew, an that 
caused a corresponding current in the opposite direction anc 
lower level. To those currents would in certain circumstan 


tides. 
Mr. Asx, in reply, doubted whether Mr. Alexander was fe 
correct in saying that the sand-travel at Madras was in a less 
form than that at Vizagapatam. From enquiries made o the 
spot and from published statistics, it appeared that the average 
amount of sand passing a given point on the beach at Madras 

the course of a year was of the order of 1,000,000 tons, as at V 
patam. Mr. Ash believed that that figure would, in the nat 

things, be fairly constant all along the east coast of India. _ 
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_ The means of combating the sand-travel which could be adopted Mr. Ash. 
at Madras were, on account of the local configuration, impracticable 
fat Vizagapatam. The trouble at Madras to which Mr. Alexander 
drew attention, namely, that of the travel of the finer particles at a 
considerable distance from the shore, had inevitably to be faced, 
whether the means of defence were a sand trap or a “ sand screen,” 
as the shore-connected groyne at Madras was locally termed. The 
travel of the finer particles could, in rough weather, be clearly seen 
at Vizagapatam, from the top of the Dolphin’s Nose. A small 
‘quantity was deposited in the channel, but the volume was such that 
‘it could be dealt with in a few days’ dredging during the calm season. 
Regarding the local effect of the island breakwater at Vizagapatam 
upon the littoral current, a strengthening of the current had been 
observed across the channel, near the Dutch Fort, during rough 
‘weather and at low water. That was not unexpected, having been 
observed on the working model. The waves of translation, passing 
along the coast to the south of the breakwater, caused a 
‘“heaping-up”’ of the water in the little bay, and the passage of 
that water was restricted by the breakwater, thus causing an increase 
‘ofvelocity. There had, up to the date of Mr. Ash’s latest information, 
‘been some shoaling at the passage between the island breakwater 
and the Dolphin’s Nose. The increase of current strength, combined 
with the wave-action, would, it was thought, set a limit to the shoaling 
‘tendency in that area, but if it were found not to do so, the present 
dredging area would have to be extended to the south. The velocity 
of the current under the stated weather and tide conditions had, 
n the early stages, been high enough to cause some anxiety to the 
ots. 
He quite agreed with Mr. Mitchell regarding the scouring basins. 
at idea had never, in his opinion, had in it a germ of utility. 
Regarding the suggestion that much larger scuttling valves would 
1ave been more effective, it was pointed out that two had been 
rovided in each hold. The ships, whilst being scuttled, had to be 
Jlowed to “ range ”’ under the action of the swell, which was appre- 
iable, even on the calmest day. Whether the speed of immersion 
re high or low, there would be a point at which the sandy bottom 
would prevent further ranging. The travel would be much the same 
in either case, and it was largely a matter of chance just where the 
ull came to rest. Control was possible only within certain limits, 
ynd it sufficed for the purposes in view to achieve the degree of 
accuracy which was actually obtained. 
‘He believed that he had grounds for regarding the action of the 
et sand as that of a heavy fluid. It appeared to be a characteristic 
fa fluid mass, made up of layers of different densities, that motion 


Mr. Ash. 


‘south of the breakwater at Vizagapatam was very different fro 
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in an upper layer caused ripples in the layer below. Wind ri 
on a beach gave one instance, and the ripples on tops of horiz 
beds of clouds, when a light breeze sprang up in the air above, affordec 
another quite interesting one. The sandy bed of the working m 
was rippled as soon as wave-action was started. The rate of ta 
of the ripples was studied and compared with that of the corresp 
ing ripples on the sea bed. That ripple action would, incidenta 
be a subsidiary cause of sand-travel. However, the sand in 1 
model represented, to scale, not sand but sharp-edged stone 
considerable size, the behaviour of which might, under the wa 
action of the sea, be expected to differ from that of sand; yet 1 
sand in the model did behave substantially as did the sand in t 
sea. The explanation put forward was that wet sand could, for suck 
purposes, be regarded as a heavy liquid. | 

His observations endorsed all that Mr. Mitchell said regarding the 
direction of wave-action and the agencies affecting shore curr 
The direction of the wave-action during the south-west mon: 
was, at a distance of 3 or 4 miles from the beach at Vizagapa 
almost at right angles to the wave-action which had to be consid 
in connection with the entrance to the harbour. The speed of 
shore current was definitely related to the state of the sea, a 
strengthening of it was clearly observable when a heavy swell occu 
in the absence of wind. 

Mr. RATTENBURY, in reply, observed that the lie of the coast 


that existing at Madras. There were miles of low-lying sa 
beach at Madras which had extended seaward by accumulation o 
sand brought to rest there as the trap breakwater had been extended 
seaward from the harbour-enclosing breakwaters. At Vizagapa 
there was the steep face of the Dolphin’s Nose, on which sand did 
lie. It was true that to the south of that point there was a sandy 
bay, but it was unlikely that any practicable length of spur buill 
from the coast near the entrance-channel would suffice to arrest tl 
flow of sand round its end in the efficient manner which had 
so successful at Madras. 
The opening between the end of the breakwater and the Dolp| 
Nose had been reduced considerably in water-area since the comple- 
tion of the breakwater. The depth near the breakwater, ho 
had been maintained, but near the Dolphin’s Nose the depth yw 
much less. The probability was that the depth near the breakwater 
would have been increased by scouring action to compensate fo1 
that, but as the sea-bottom was now protected by bould 
ae end of the breakwater the waves had not been able to dig o 
ed. . 
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There was a tendency for a curved ridge of sand to form inside the Mr. 
opening right round on to the face of the breakwater, but it was not Re tealae 
very pronounced at present. 

_ At ebb, and down to low water during bad weather in the south- 
west monsoon, an awkward surface cross-current set in right across 
the entrance-channel at about 3,800 E, which made pilotage of light 
ships up the channel a matter for care. It probably always existed, 
but had been intensified by the construction of the breakwater and 
the constricting action of the gap on the water passing through. 

_ Inasmuch as the direction of the wave-action was caused by the 
direction of the prevailing winds, the currents up and down the coast 
might be said to be caused by the winds. The ebb naturally set 
to the north, but the current was a slight one. In the south-west 
‘monsoon the wave-current and ebb coincided in direction, but in 
the north-west monsoon they were contrary in action. The wind- 
or wave-current was stronger than the ebb, so that contrary currents 
arose in different seasons of the year. Probably during the north- 
‘east monsoon the southward current was stronger during the flow 
than during the ebb, but he was not sure of that. 


_ : Paper No. 5081.1 
a “The Energy-Output of the Coal-Miner.” 


. By Proressor Kennetu NEVILLE Moss, O.B.E., M.Sc., Assoc. 
g M. Inst. C.E. 
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Mr. E. C. Homerswam agreed with the Author that miners required Mr. 
a proper supply of nourishing food. He pointed out that the pit- Homershatt, 
head facilities at most collieries in Great Britain left much to be 
"desired, and he would advocate the putting into force of regulations 

_ ensuring the provision of satisfactory facilities and housing accom- 
modation ; such regulations would greatly improve the lot of the 
miner and would increase his efficiency. About 35 years ago the 
‘South African Government had imposed such regulations on the 
Rand mine-owners. Objections had been raised that the mining 
industry would be put to additional expense, but no mine had 
Josed down as a result of the regulations. He wished to point 


= - 1 p, 354 (January). 
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Homersham. 


Sir John Orr. 
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The Author. 


Any 


based on limited data would have to give way to direct observa’ 


. Blencowe. 


_ such runs were common throughout recent geological fo 
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out, however, that regulations were useless unless they were « 
The South African Government had met that objection by 
a clause in the regulations to the effect that if, through the 
of the powers controlling the mine, the manager was hinde 
obeying the regulations, the Chairman, or acting Chairman, be 
responsible and liable to punishment. The prosecution of a C 
man had, however, never been necessary. a 

Sir Jonn B. Orr observed that he was especially interested in 
Paper because he had been in the pits in Ayrshire and had watched 
miners at work. Professor Moss was the first to determine the ene 
output under actual working conditions ; from results obtained ir 
last year of the war on soldiers engaged in various exercise} 
from his recollection of the difficult physical conditions under wl 
miners worked, involving the simultaneous use of groups of mus 
of limbs and trunk, the figures given corresponded with what m 
have been anticipated. Studies of that kind, where the ca 
requirements were determined under actual working condit: 
were of especial interest at the present time, when minimum die 
requirements were under consideration. Theoretical calcula 


under actual conditions, such as those made by Professor M 
There was not the slightest doubt that the food requirements of 
miner would have to be reconsidered in the light of Professor M 
results, and it would be in the interest of practical dietetics if x 
observations of that kind could be made. 

The AutHor observed that the correspondence on his Pape: 
not call for any reply. 


Paper No. 4977. 
“The Treatment of Mud-Runs in Bolivia.” 


By StepHEeNn WiLi1AM Francis Morum, B.Sc. (Eng.), 
Assoc. M. Inst. C.E. 3 
Correspondence. 


Mr. Stoney BuEncows observed that the Author emphasiz r | 
damage that might, and did, result from the action of m 
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and were especially prevalent in South America. In Argentina the Mr. Blencowe. 
route of the Transandine Railway between Mendoza and Cuevos 
_ was particularly susceptible to disasters from mud-runs, and at 
- Santos, Brazil, a considerable number of houses had been engulfed 
by a flow of between 1 and 2 metres in depth. He concluded that 
those mud-runs were characteristic of those in Bolivia, of which he 
had no first-hand knowledge, although he had visited the region 
_ where the runs occurred. 
The trouble caused on railways was largely due to faulty location, 
and he suggested that the dip of the strata was all-important to 
railway location where mud-runs were prevalent. Whether on the 
“mountain side or within the valley the dip was generally wholly 
_ positive or wholly negative in a district, as shown in Fag. 13. 
A railway, together with the township dependent upon it, should 
be located on the side that was immune from the run, namely, side 
“8B” Unfortunately, all too often that was not taken into account. 


3 
pew» 


_ Fig. 13. 


Side "A Side "B” 


_ Mr. Frep Lavis, of New York, had read the Paper with much Mr. Lavis. 
ae interest, as he had had to deal, some years ago, with similar 
_ problems in connection with the location and design of the railway 
line between Atocha and Tupiza in Bolivia. At that time he had 
studied the problems which had then already begun to develop ‘ 
on the existing line between Oruro and Cochabamba, and those in 
connection with the proposed Potosi—Sucre line. é 

On account of the unstable character of the geological formations 
in the Andean region of South America, as well as in the northern 
extension of that mountain range through Central America, the details 
of location of any railway or highway route in those regions required 
4 the most careful study. The Gaillard (formerly named the Culebra) 
cut at Panama was perhaps the most widely-known example of the 
- difficulties encountered in deep rock cuttings, but those conditions 
__ were prevalent on many railways. That made it of doubtful ex- 

_ pediency to develop a line with heavy cuttings in order to avoid 
~ such difficulties as the mazamorras of Bolivia, or the scour of em- 
 bankments parallel to the torrential and “ flashy ’’ mountain rivers. 
All such cases required judgement not only as to the first cost of 


Mr. Lavis, 


_ the value of the Paper would be enhanced if even a brief general 


is 


- ee 
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such lines, but also of the effect of the location on subsequent costs 
of maintenance. 

The Author apparently criticized, although somewhat mildly, 
locations of some parts of the railways of Bolivia in ‘‘ conven 
river-valleys,”’ and implied that they might have been located else- 
where. In many places, however, the choice of route was limited 
by the tremendously mountainous country, where any lines which . 
left the wide central valley (except the Antofagasta Railway) could 
not get over or through the surrounding mountains except through 
the river-valleys. Almost all the latter involved difficult problems 
similar to those described by the Author. The point to be empha- 
sized, however, was that few, if any, of those problems could be 
solved by formulas or by any accurately-worked-out scientific 
approach. The Author’s descriptions of some of the actual methods. 
used in treating the mud-runs would be of great value. In those 
locations, however, each individual site had to be the subject of 
special study and of the application by the engineers of experience 
and judgement of such parts of, or variations of, those methods as 
good judgement and experience might dictate. ee 

‘In the location of the Atocha-Tupiza line, following the Tupiza 
river with very steep and high mountainous slopes on both sides 
Mr. Lavis’s problem had been first to select the side of the river with _ 
fewest or smallest mazamorras, making crossings of the main stream _ 
from time to time to accomplish that result. He had then proposed 
to keep the line as far down on the slopes and as close to the river (but, 
naturally, above the high-water level) as was reasonably possible, 
building retaining walls at the bottoms of the embankment-slopes 
along the river rather than running the risks of heavy cuttings with 
the indicated imminent dangers of future slides. As for the maza- 
morras themselves, it had been expected to cross them either with 
steel bridges with reasonably long spans, with deck and thro 
girders in multiple spans of perhaps 40 or 60 feet or, in some ca 
with reinforced-concrete pile trestles. 

Mr. R. F. Lzaeet, of Montreal, considered that the Paper gave 
interesting descriptions of experimental works of an unusual nat 
which were so dependent on local conditions that detailed discussion 
of the measures taken was difficult. He suggested, however, that 


description of the local geological formation were to be given b 
Author, especially if it could be accompanied by a typical geol 
section across one of the valleys described. Was it correct 
assume that the object of the check-dams was to form a series” 
flat slopes as a stream-bed, which would have the effect of red cir 
the velocity of mud-runs and of other flows? Was it the inte 
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- to add to the height of the check-dams from time to time, or would Mr, Legget. 
that be unnecessary? The reference on p. 431 to the abrasive 

power of the mud-run was. interesting ; could the Author amplify 

_ that brief note ? 


4 *, Owing to loss of papers in transit, the Author’s reply will appear in the 
January, 1937, Journal (Vol. 4, 1936—7).—Sxc. Inst. C.E. 


Paper No. 5029.1 

_ “ Reinforced-Concrete Chimney Towers at the Barton 

& Power-Station.” 

3 Bs By Arnotp ATHERTON, B.Sc. 

p - Correspondence. 

a. Dr. R. H. Evans observed that it was desirable to point out that pr, Evans. 
the influence of a variable modular ratio on the calculated stresses 

in reinforced-concrete structures was not so drastic as the Author 

f had indicated on p. 516. In the new Handbook 2 on the Code of 
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Practice for reinforced concrete, the modular ratio recommended 
agreed with that deduced from the secant modulus of elasticity of 
the concrete after 1 day of creep under the permissible stress, the 
creep of concrete after 1 day being but a very small fraction of the 
total creep that would ultimately appear under the sustained stress 
in, say, 5 years. The reason for that was that few structures carried 
the full live load continuously for such long intervals as 1 day, and 
that although the concrete would creep under the full live load a 

portion of the creep would be ultimately recovered after the removal 
of the load. That was the well-known property of “ elastic-after- 
_working,’’ “‘ Weber-effect ” or “ elastische nachwirkung.” Further- 
more, it was still necessary to adopt a variable modular ratio even 
if the concrete were perfectly elastic and exhibited no creep. The 
modulus of elasticity of concrete depended on the richness of the 
mix, on the grading and quality of the aggregates, on the water/ 
cement ratio, on the age at testing and on the method of curing, 
‘and a variable modular ratio was necessary in much the same way 
as the modular ratio to be used in the design of flitched beams 
depended on the elastic properties of the wood. Calculations in 
corinection with reinforced-concrete beams showed that, excluding 
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p. 505 (January). 
W. L. Scott and W. H. Glanville, 


‘“* Explanatory Handbook on the Code _- 
actice for Reinforced Concrete,” pp. 17-19. London, 


1934. 


Dr. Evans. 
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the assistance afforded by the concrete in tension, the shear stress 
and the stress in the tension reinforcement varied only slightly with 
an increase in the assumed value of the modular ratio. There was 
little change in the bond stress, whilst the maximum concrete 
compressive stress actually decreased with an increase of the modular 
ratio. If any compression reinforcement were provided the stress, 
in the reinforcement was increased appreciably on account of the 
predominating effect of the increase in the value of the modular 
ratio. That also applied to reinforced-concrete columns. With 
regard to deflections, calculations showed that the deflection increased 
with an increase of the modular ratio, the percentage increase being 
dependent upon the percentage of reinforcement. | 

The temperature records in the newly-placed concrete were most. 
valuable, and the Author was to be congratulated for taking t 
opportunity of measuring the temperature-rise in the foundation 
and in the columns as well as the vertical and horizontal strains. 
With regard to the strain measurements, however, there were a few. 
points that called for comment. The first was in connection with al 
slight temperature-differences that would exist between the 1-in 7 
gas barrel and the steel rod of the lateral strain-gauge. Fig. 8(p.519) 
showed very clearly the rise in temperature developed in the newl 
placed concrete during hydration, the maximum temperature in the 
centre of the columns having been from 40° to 50°C. Since the _ 
steel rod was subjected to a greater cooling’ effect, being surrounded | 
by air and being more exposed at the ends, it was reasonable to 
believe that the l-inch gas barrel, which was in direct contact. 
with the concrete, would always be at a higher temperature than t 
steel rod. That difference would increase during the early stages « 
the hydration, more particularly during the first day or two. Th 
influence of that temperature-difference was to show an appare 
lateral expansion which amounted to approximately a strain of 
1210-6 per °C. difference in temperature between the gas barrel 
and the steel rod. Consequently, only a temperature-difference of 
2° C. would have been necessary to make it impossible to make 
any definite conclusions from the recorded lateral strain meas 
ments. Such a temperature-difference also offered a reasons 
explanation for the excessive lateral expansion recorded in Fig. 
which the Author, on p- 522, stated was far in excess of that wl 
would be anticipated from the combined stresses. He would sugg: 


conditions across the column had approximated to water-ci 
conditions. Tests by Messrs. Davis, Davis and Hamilton 1 and 


1 “Plastic Flow of Concrete under Sustained Stress,” Proc, Am. Boe: Tes ~ 
Mat., vol. 34 (Part II) (1934), p. 354, di 
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other investigators showed, however, that the expansion of concrete, Dr. Evans. 
when either stored in air at 100 per cent. relative humidity or im- 
mersed in water, took place gradually over such intervals as from 
2 to 3 years. Their experiments did not show a fairly sharp ex- 
pansion during the first 30 days or so, followed afterwards by a slight 
shrinkage, as in the Author’s lateral strain curve in Fig. 10. The 
vertical strain was naturally easier to record and did not call for 
such precise extensometers or gauges as had been found necessary 
_ in measuring lateral strains. 
__ Finally, it would be of interest to know the method adopted by 
_ the Author for determining the instant the micrometer head made 
contact with the steel ball when carrying out the strain measure- 
ments. If that instant were left to a sense of touch, different 
observers would obtain slightly different results, and it seemed 
necessary to adopt the usual electrical method of reading those 
_ strains to ;,4, inch, thus giving an accuracy of about 2 per cent. 
on the maximum lateral expansion recorded in Fig. 10. 
The Avrnor, in reply, wished to thank Mr. Evans for the many The Author. 
points of interest and valuable criticisms of the experimental work at 
Barton. 
In describing the introduction of a variable modular ratio as 
- drastic, the Author’s intention was to emphasize that creep, together 
_ with other factors, was of such importance as to. necessitate a new 
practical conception of the fixed modular ratio, the fundamental 
link in calculations dealing with steel and concrete. 
In view of the interesting results obtained at Barton, further 
temperature and strain records were being taken in a large mass of 
reinforced concrete forming part of the foundation for a turbo- 
generator at the Stuart Street power-station of the Manchester 
Corporation Electricity Department. It had been possible to obtain 
parallel temperature-records, by means of thermometer-tubes and 
thermocouples, which had shown that there was a tendency for the 
thermometers to read from 0:5° to 1° C. low at peak temperatures 
~ and also to lag behind the thermocouples, probably owing to con- 
~ densation in the tubes and to the circulation of air in withdrawing 
‘the thermometers. In the case of the strain-gauges it was not 
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‘more than 0°5° ©. between tube and gauge-rod, even at peak tempera- 
tures. It had also to be remembered that that slight temperature- 
"difference would only affect the strain readings during the first few 
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Tho Author. weeks after concreting, and would disappear as soon as ste ) 
temperature-conditions were reached. 
~ As distinct from the laboratory tests referred to by Mr. Ev. 
where the curing conditions were constant over a considerable pe: 
the conditions at Barton were such that while the steel-fi 
shuttering was in position, during the critical early life of the cone 
there was practically no loss of moisture, whereas as soon as t 
shuttering was struck, air-curing of the outer skin and an outward 
movement of moisture from the core started. The complexity of 1 
strains during such moisture-movements had been pointed out by 
Dr. W. H. Glanville.2 It was particularly in an effort to obtain 
information on the varying strains during those moisture-movements _ 
that the further experimental work was being carried out, and it 
had been possible to place strain-gauges at various depths in t 
concrete. Those, together with a more complete temperatu 
record, should give information on the shrinkage-strains d “ 0 
drying-out. 
With regard to the actual method of taking the strain- -measure- | 
ments, it was necessary in view of the heavy nature of the work near 


refinement of accuracy which could undoubtedly have been obtain 
by the methods suggested by Mr. Evans. It should have beer 
pointed out in the description of the micrometer that there was a 
small adjusting knob at the end of the handle which was fitted w 
a spring tension, so that when slip took place there was a consta: 


e pressure contact between the micrometer and gauge-rod. 
= . 1 Loc. cit. 
2 Department of Scientific and Industrial Research; Building Rese 
oy Technical Paper No. 11, ‘‘ Shrinkage Stresses,” p. 37. Eudes, 1930. 
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